,; PUBLIC DOCUMENT . 


i | 

: 

| 
| HERPSPEPTH ANNUAL, REPORT 
| 

| 

| 

| 


MASSACHUSETTS | 
AGRICULTURAL COLLEGE. , 


| 
: 
| 
| 
| 


ie oS 
JANUARY, 1898, 


. 
| BOSTON : 
| WRIGHT & POTTER PRINTING CO., STATE PRINTERS, | 


18 Post Orrick SQuaRE. 
1898. — 


a—-c 


DS PEM 


ino 
VOLUME. 
\BI1-DD 


tyof III 
M3baB 


niversi 


> 
oY 
< 
mY 
= 
zi 


2 
Q 
2 
ss 
aR. 
y=) 
= 
bos) 
cA 
<4 
oo ad 
= 
band 
3 
Qe 
a) 


Actession No. 9 2 oe 


Oo 


SY 


VESTS, 


S5// x S/ \i/ SS] yh any 


Pana 
i 


PUBLIC DOCUMENT .... ra dap ve Os fa kes 


THIRTY-FIFTH, ANNUAL REPORT 


MASSACHUSETTS 
AGRICULTURAL COLLEGE. 


JANUARY, 1898. 


BOSTON : 
WRIGHT & POTTER PRINTING CO., STATE PRINTERS, 
18 Post OFFICE SQUARE. 
1898, 


Commontoealth of Massachusetts. 


MASSACHUSETTS AGRICULTURAL COLLEGE, 
AMHERST, Jan. |, 1898. 


To His Excellency ROGER WOLCOTT. 


Sir :—AI have the honor to transmit herewith, to Your 
Excellency and the Honorable Council, the thirty-fifth an- 
nual report of the trustees of the Massachusetts Agricultural 


College. 
I am, very respectfully, 


Your obedient servant, 


HENRY H. GOODELL, 


President. 
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CALENDAR FOR 1898-99. 


1898. 


January 5, Wednesday, winter term begins, at 8 a.m. 

March 24, Thursday, winter term closes, at 10.15 a.m. 

April 6, Wednesday, spring term begins, at 8 A.M. 

June 18, Saturday, Grinnell prize examination of the senior class 
in agriculture. 

f Baccalaureate sermon. 
June 19, Sunday, + Address before the College Young Men’s 
[ Christian Association. 
f Burnham prize speaking. 
June 20, Monday, Meeting of the alumni. 
| Flint prize oratorical contest. 
[ Class-day exercises. 

June 21, Tuesday, 4 Military exercises. 

Reception by the president and trustees. 

June 22, Wednesday, Commencement exercises. 

June 23-24, Thursday and Friday, examinations for admission, at 
9 a.M., Botanic Museum, Amherst; at Jacob Sleeper Hall, 
Boston University, 12 Somerset Street, Boston ; and at Sedg- 
wick Institute, Great Barrington. Two full days are re- 
quired for examination, and candidates must come prepared 
to stay that length of time. 

September 6-7, ‘Tuesday and Wednesday, examinations for ad- 
mission, at 9 a.m., Botanic Museum. 

September 8, Thursday, fall term begins, at 8 a.m. 

December 22, Thursday, fall term closes, at 10.15 a.m. 


1899. 


January 4, Wednesday, winter term begins, at 8 a.m. 
March 23, Thursday, winter term closes, at 10.15 a.m. 


ANNUAL REPORT OF THE TRUSTEES 


OF THE 


MASSACHUSETTS AGRICULTURAL COLLEGE. 


His Excellency the Governor and the Honorable Council. 


During the thirty years of its existence, the college, in 
common with all the other land-grant colleges, has passed 
through many vicissitudes. Heralded at first as the bright 
morning star, it soon lost popular favor, because it did not 
at once make itself felt in the agriculture of the State and 
transform the fields of dock and thistles into broad acres 
of waving grain. A season of depression ensued, followed 
again by one of buoyancy and hope, in which it made great 
strides. This in turn was succeeded by the financial 
troubles of the last few years, which it was the first to feel 
and from which it has been the last to recover. Reviewing 
the past, we cannot but feel that.the stage of experiment is 
over, and we enter upon this the first year of its fourth 
decade with quickened hope that from a broader, surer 
foundation the college will continue to rise and fulfil its 
mission of providing that ‘‘ liberal and practical education 
that shall fit the industrial classes for the several pursuits 
and professions in life.” The requirements for entrance 
have been increased, the average rank has been raised, the 
courses strengthened and broadened and the faculty in- 
creased to meet the increased demands. 

To carry out the purpose for which the college was. 
founded, three separate courses have been established. 
First, to meet the requirements of those whose circum- 
stances forbid a longer stay, a series of ten short winter 
courses, eleven weeks in length, but covering such practi- 
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cal instruction in agriculture and the allied sciences as will 
be most helpful to the farmer. For this examinations are 
not required, and neither degrees nor diplomas are con- 
ferred. Elective courses in botany, entomology, floricult-_ 
ure, fruit culture, market gardening and dairying have 
been thrown open to women, but it is unfortunate that 
lack of dormitory room practically excludes them from 
taking advantage of this instruction. Second, a four-years 
course, leading to the degree of Bachelor of Science. For 
the first three years a certain definite curriculum is required 
of all, while the studies of the fourth year, with the excep- 
tion of English and military science, are entirely optional. 
Examinations must be passed for this course. Third, 
post-graduate courses, leading to the degrees of Master of 
Science and Doctor of Philosophy. Candidates for these 
degrees are required to choose one major and two minor 
studies from certain prescribed subjects. 

The academic course of four years is divided between 
nine departments, with the following allotment of hours to 
the different studies : — 


English language and literature, . : ‘ » 933 
Other languages, . : : ‘ : ‘(gee 
Mathematics and ape ; . : , : 784. 
Chemistry and physics, . . . . . 838 
Botany, . . ° : 519 
Entomology, Wald and Solieinicons : . . 509 
Economic law and history, : : ; : oi 56k 
Military science and practice, . : : ‘ : 496 
Agricultural in general, . ; : : ‘ : 470 
Horticulture, . , ; : . . ‘ . 377 
Veterinary, : . : . : : : 185 
Geology and pounce . : . rhe a ; 370 

Total, . ; ; 2 ‘ : ‘ : » 6,014 


Briefly, the course in each department may be thus out- 
lined : — 


AGRICULTURE. 


(a) The origin and formation of soils, their physical 
properties and how to improve them; (0) tillage, subsoil- 
ing, drainage and irrigation; (c) use of fertilizers and 
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manures; (d) farm implements and plans of farm build- 
ings; (e) animal husbandry, breeds, stock breeding and 
feeding. As aids to practical instruction, there are models 
of the domestic animals; a farm of four hundred acres; a 
barn with one hundred head of stock, types of the leading 
breeds, and a complete dairy outfit, where the operations of 
pasteurizing milk and cream, butter making, milk testing 
and separation of cream are carried on. 


BOTANY. 


(a) Structural and systematic botany; (6) economic 
botany ; (c) study of the normal functions and diseases of 
plants; (d) plant physiology and its relation to agriculture. 
For practical work there is a laboratory abundantly sup- 
plied with microscopes, microtomes, histological reagents 
and numerous appliances for illustration and investigation 
of the phenomena of plant life. 


CHEMISTRY. 


The chemical department teaches the composition, the 
value and the uses of all products of nature and of art. 
This study is an essential part of the training of the farmer, 
the manufacturer, the business man, the physician and the 
advanced student of any subject, for it deals with the 
ultimate character of all kinds of matter. 

The special fields of study are mineral and organic, the 
latter including vegetable and animal matter. Each of 
these is studied by analysis and synthesis both qualitative 
and quantitative. There are three laboratories to suit the 
varying wants of the students. 


Chemical Instruction. 


Domains. Methods. 
ran ag) 
Mineral. ro | qualitative. 
=) Analysis 
Organic, oo tes ies a quantitative. 
animal. E i | qualitative 
3 Synthesis, 1 (cet daa 
je) quantitative. 
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ENGLISH. 


The aim of this department is to promiote: (a) ability 
to give oral and written expression of thought in correct, 
effective English; (0) ability to present in logical form 
oral and written arguments on questions assigned for 
debate; (c) acquaintance with the masterpieces of English 
literature. This is secured by constant practice in writing 
and speaking, and by the study of American literature and 
rhetoric in freshman and sophomore years and English liter- 
ature and logic in the junior and senior. Instruction is given 
partly by text-book and partly by lecture. The course in 
rhetoric consists of a study of the choice of words, the theory 
of phraseology, special objects in style, the sentence, the 
paragraph, the whole composition as regards plan, arrange- 
ment and parts. ‘This is followed by a series of lectures on 
invention, taking up the different elements and underlying 
principles of literature. The work in American literature 
is partly by text-book and partly by lecture. The course 
in the last two years is carried on in the same thorough, 
practical way, debate taking the place of declamation. 


HortTICULTURE. 

Instruction is given in: (a@) fruit culture; (6) market 
gardening; (c) floriculture; (d) forestry. For practical 
work there are extensive, well-stocked orchards, nurseries 
and greenhouses, where the production of fruit, market- 
garden and greenhouse crops is constantly carried on. 


MATHEMATICS AND ENGINEERING. 

(a) Pure mathematics; (6) physics; (c) drawing; (d) 
engineering. The department is well supplied with the 
necessary instruments for surveying and engineering, and 
practical work in the field is required. A laboratory for 
physics has recently been opened, where the student can 
solve for himself problems in mechanics, electricity, light 
and sound. The senior engineering option is designed to 
give to the student the necessary engineering training to 
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enable him to take up and apply, on the lines of landscape 
engineering and the development of property, his knowl- 
ledge of landscape gardening, agriculture, forestry, botany 
and horticulture. It embraces a course of lectures, recita- 
tions and field work on the following subjects: topography, 
railroad curves, earth work, construction and maintenance 
of roads, water works and sewerage systems, etc. 


MiInirary. 


This was established by act of Congress, and all students, 
unless physically disabled, are required to attend its exer- 
cises. Its object is threefold: first, the dissemination of 
military knowledge throughout the country ; second, physi- 
cal exercise and muscular training; and third, to inculcate 
respect and obedience to those in authority. There are 
three hours’ drill per week for the whole college, one hour 
recitation for the senior class and a weekly inspection of 
the rooms in the dormitory. 


. PowiticAL Economy. 


To make a good citizen and a successful man of business 
is the aim of this department. To realize this aim the 
course of instruction covers: (a@) principles of political 
economy; (0) industrial history of England and America ; 
(c) discussion of economic problems; (d) study of the 
science of government. 


VETERINARY. 


To give a general idea of the principles of veterinary 
science in such simple and comprehensive manner as to 
enable any person to give animals under his supervision the 
treatment that will tend to prevent the occurrence of dis- 
ease among them, is the aim of the course of study in this 
department. (a) The hygiene of the stable; (0) the 
anatomy and physiology of the circulatory, respiratory and 
digestive systems ; (c) a study of the common diseased proc- 
esses and the causes, symptoms and effects of disease ; (d) 
the nature, action and uses of different drugs. Skeletons 
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of the domestic animals, specimens of diseased bone and 
tissue, and an Auzoux model of the horse form a part of the 
equipment. This study is elective. 


ZOOLOGY. 


The work in this department commences with the study 
of human anatomy and physiology. It is followed by a 
course in zodlogy, taught by lectures and work in the labo- 
ratory. In the laboratory each student is required to dis- 
sect and study a series of typical animals, making drawings 
of the different organs. After this preparation the study 
of insects is taken up, — their classification and habits, and 
the various methods of destroying those that are injurious. 
In the senior year an elective course of more technical 
lectures 1s given, embracing such subjects as the anatomy, 
embryology, transformations, duration of life, color and 
diseases of insects, and the fertilization of plants by them. 
Each student is required to do original work and prepare a 
thesis before graduation. The whole is supplemented by a 
carefully arranged museum, containing, as far as possible, 
all the native animals of the Commonwealth, and by the 
extensive entomological collections of the professor in 
charge. 

FACULTY. 

The faculty number eighteen active resident members, 
one professor emeritus and one non-resident lecturer. The 
chair of mathematics and civil engineering made vacant by 
the resignation of Prof. Leonard Metcalf has been filled by 
the election of John E. Ostrander, C.E., late professor of 
civil engineering and mechanic arts in the College of Agri- 
culture of the University of Idaho. Prof. William P. 
Brooks, after a year’s absence spent in study abroad, has 
resumed his duties at the college. The mechanical and 
free-hand drawing heretofore conducted by the military offi- 
cer will this year, as last, be taught by Mr. William H. 
Armstrong, a member of the junior class. 

For a makeshift, until such time as a suitable building 
can be erected, the recitation room occupied by the presi- 
dent has been altered into a physical laboratory for the use 
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of the junior class. Water and gas have been introduced, 
a small dynamo run by water motor has been installed, 
benches accommodating twenty to thirty workers fitted up, 
and the light regulated by shutters sliding up and down, 
operated by hydrostatic stop-cocks on the table. 

It has been the policy to add each year, as opportunity 
presented or as there seemed demand, new studies to the 
optional courses. ‘This year there is offered a course in 
_ general history, commencing with the Christian era, a 
course in geology and a course in astronomy. 

The entering class was one-fourth larger this year than 
last, and there was a number of additions to higher classes. 
But the same deficiency in preparation still prevails. The 
applicants for admission represent nearly every county in 
the State. They come from the hills of Berkshire and the 
sands of the Cape, from the valley of the Connecticut and 
the shores of Massachusetts Bay. They are not farmers’ 
sons alone, but come from the homes of mechanics, of 
nurserymen, of engineers, of those, in fact, who represent 
the ‘‘ industrial classes,” ‘*to promote the liberal and _ prac- 
tical education” of whom ‘‘in the several pursuits and pro- 
fessions in life” the Agricultural College was established. 
These applicants for admission are examined in the fol- 
lowing subjects: arithmetic, algebra through quadratic 
equations, geometry (two books), English grammar and 
composition, descriptive geography, physical geography, 
United States history, civil government and physiology. 
To be successful in this examination an applicant must 
obtain a mark of 65 per cent. Of the last 247 applicants 
for admission, 54 failed in arithmetic at the first examina- 
tion, 93 in algebra, 70 in geometry, 49 in English gram- 
mar, 41 in descriptive geography, 37 in physical geography, 
39 in history, 38 in civil government and 41 in physiology. 
The largest number of failures have been in algebra, — 33} 
per cent.; the smallest number in physical geography, — 
15 per cent. ; while the average of failures in the nine sub- 
jects specified above is 262 per cent. 

We have, then, an average of more than one-fourth of 
those who have presented themselves for admission to the 
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college failing in the entrance examinations. It may be 
urged that too much importance should not be attached to 
failures in these tests; that examiners are often injudicious 
in the questions asked; that ‘‘Tom is always nervous at 
such times,” and that ‘* Henry can never do justice to him- 
self on an examination.” These and other similar excuses 
may be allowed, yet the deplorable fact remains that so 
many are ‘‘ plucked” when the test comes. 

As has been intimated, these candidates are fair repre- 
sentatives of the pupils in our public schools. Many are 
graduates of the high school, many more have had one or 
two years in the same. The fact of their failure must not, 
necessarily, be charged to the public school, for these same 
schools furnish many students who not only pass the en- 
trance examination, but, after a four-years course, graduate 
with honor and success. The fault, or the limitation rather, 
is with the student himself or with those who should advise 
him. The time devoted to preparation is too short. A 
young man suddenly awakes to the idea that he wants to 
enter the Agricultural College. He fancies that, on the 
shaky foundation of a possible year in the high school, four 
or five weeks can build a preparation for college. The 
time ts too short. Another, possessed of a similar idea, 
thinks that a few evenings of study, after the day’s work is 
done, will enable him to ‘‘brush up” his mathematics. The 
body is too tired. He falls asleep over those difficult prin- 
ciples of geometry, and there is no time for that practical 
and repeated solution of problems by which alone the path 
of algebraic processes becomes familiar. The interests of 
successful work in any college require time and thoughtful 
study in the work of preparation. 

That each year we are drawing into alesse relationship 
with the agriculture of the State is apparent. The farmers 
are coming more and more to depend upon the college, and 
what is true now is just as surely going to increase in the 
future. In nothing does this more strikingly appear than 
in the matter of correspondence. During the last twelve 
months 5,528 letters have been answered in the experiment 
department alone. What does this mean? It means that 
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at 5,528 points we have touched the interests of the agri- 
cultural life of this State. It means that 940 dairymen have 
wanted to know about butter fats, or the best-balanced ration, 
or the hundred other matters of vital interest. It means 
that 750 farmers have had questions to ask concerning fer- 
tilizers and fertilizer materials. It means that 316 intelli- 
gent men engaged in the practice of agriculture have wanted 
information respecting rotation of crops, millets and soya 
beans, or the effects of potash on the growth of corn. It 
means that 304 fruit growers have come and asked what 
were the best varieties of fruits, how to cultivate them and 
how to prevent disease. It means that 113 growers of 
flowers and vegetables under glass have been attacked by 
rusts, smuts or nematodes, and have lifted up the Macedo- 
nian cry, ‘‘ Come over and help us.” It means that 1,232 
sufferers attacked by all kinds of winged, crawling, creep- 
ing foes have come to us for relief. It means that 103 
good wives have seen the ruin of their household idols 
effected by the buffalo bug, and have cried out in their 
anguish, ‘‘ What shall we do to be saved from these pests?” 
This is the work of only one department. In addition, there 
have been written from the office of administration during 
the same period over 7,000 letters on matters touching col- 
lege interests. 


EXPENDITURE OF STATE APPROPRIATIONS. 


The several amounts appropriated by the Legislature 
(chapter 15, Acts and Resolves of 1897) have nearly all 
been expended, and for the purposes indicated. The entire 
water system of the college has been replaced, furnishing 
ample protection from fire as well as an adequate amount for 
domestic supply. An emergency reservoir, with a capacity 
of 150,000 gallons, has been constructed on the highest 
point of the college grounds; 7,352 feet of six-inch and 
2,172 feet of four-inch cast-iron pipe have been laid, with 
the necessary gates, hydrants and valves. The fire appa- 
ratus has been thoroughly overhauled, and 500 feet of 
Eureka, U.S., rubber-lined hose, two and five-eighths inches 
in diameter, with hose play pipes, hose connections and 
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straps have been purchased. The whole work came within 
the appropriation, though it was found necessary to take 
down and reconstruct at a large additional expense the cul- 
vert through which the pipe was laid at the south end of the 
pond. It is safe to say that, but for the untiring efforts of 
Prof. Leonard Metcalf, the supervising engineer, who gave 
his time and his services without compensation, the college 
could not have successfully carried through this undertak- 
ing. It seems fitting, therefore, in this public manner to 
place on record our grateful recognition of the work he has 
done for the college. Asa corollary to the change in our 
water system, we were enabled to place, at slight expense, 
water-closets and facilities for bathing in the north dormi- 
tory, —a much-needed improvement, whether viewed from 
the stand-point of comfort or sanitation. 

The greenhouse for the investigation of plant diseases 
has been entirely remodelled, but the work is not quite 
completed. The laboratory for teaching botany has been 
enlarged to meet the requirements of changes in the course 
of study and consequent increase of students. It is now 
well lighted, well ventilated and commodious. The repairs 
on the two greenhouses have been practically completed 
and they are both in use. 


ACCOMMODATIONS FOR THE, SICK. 


It may be proper to state that, through the generosity of 
the donor of Pratt Cottage, Mr. George D. Pratt of Long 
Island City, those of our students requiring care as the 
result of accident or sickness may enjoy the advantages of 
the hospital, on the payment of a fixed sum per diem, 
subject to the same rules and regulations as students of 
Amherst College. It is a great satisfaction to feel that in 
cases of serious illness our students can be removed from 
the college buildings and receive proper care. 


Toe Mrirrary DEPARTMENT. 


This department, required by act of Congress and ac- 
cepted by the Commonwealth of Massachusetts, has re- 
ceived no particular encouragement, although its exhibition 


1898. | PUBLIC DOCUMENT —No. 31. 19 


parades and drills form one of the most pleasing features 
of Commencement week. The War Department, as an 
incentive to good work, publishes each year in the ‘* Army 
Register” the names of the three graduates in each college 
recommended by the president and commandant as having 
stood highest in the military department of the college. 

One State, at least, has supplemented this by an act 
entitling each graduate of the Agricultural and Mechanical 
College of that State, who may be declared proficient by 
the United States army officer in charge, to a commission 
as brevet second lieutenant in the State militia. We would 
earnestly recommend petitioning the General Court for the 
passage of an act entitling the three graduates recommended 
each year for honorable mention in the ‘*‘ Army Register ” 
to a commission as brevet second lieutenant in the Massa- 
chusetts State militia. It would be an incentive to the 
students themselves, and would offer an inducement to the 
youth of the State to enter an institution where excellent 
facilities are offered for military training. 


NEEDS OF THE COLLEGE. 


Commissioner Harris never made a truer remark than 
when he said, ‘‘ The laboratory is the pivot on which the 
Agricultural College is wheeling around to lead in this, 
the greatest of American education.” But what he says of 
the college as a whole is equally applicable to every depart- 
ment. Instruction, without laboratory work to impress upon 
the mind the principles learned in the recitation room, is of 
little value. Precept and practice must go hand in hand, to 
make the exact scholar. Most of the departments are fairly 
well equipped forlaboratory work. The veterinary is almost 
the sole exception, and in the present crowded state of the 
buildings it is impossible to find any adequate quarters. A 
single room, nine by fourteen feet, with one windovy, is all 
the space that can be allotted for practical work with the 
students in dissection or in the use of the microscope. For 
lack of other accommodations, the professor in charge is 
compelled to keep in the cellar of his own house animals 
on which he desires to experiment, or diseased subjects and 
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carcasses that may be sent in for examination. The value 
of the domestic animals and their products in this country 
is something enormous, footing up to nearly two and one- 
half billions of dollars, distributed as follows : — 


UNITED STATES STATISTICS. 
Dairy Products for 1895 (Estimated) . 


PRODUCT. Total Product. Rate of Value. Total Value. . 

Butter (pounds), . . | 1,875,000,000 80 20 $275,000,000 

Cheese (pounds), . ‘ 280,000,000 08 22,400,000 

Milk (gallons), . » | 1,750,000,000 09 157,500,000 

Total, : 2 ‘ - - $454,900,000 
Number of fowls, . ; ; : ; ; 383,000,000 
Number of dozens of eggs Srodneed) ' ; .  1,141,000,000 
Value of both, . ; ; ‘ , ‘ .  $343,000,000 
Total value of farm animals, ; i ; . $1,655,414,612 
Total value of dairy products, . : k : 454,900,000 
Total value of poultry and products, . : : 343,000,000 
Total, . : ’ 5 ; ; » > $2,453,314,612 


In Massachusetts the latest figures give : — 


MASSACHUSETTS STATISTICS. 


1896. Number. Price. Value. 
Horses, . : ‘ F 198,568 $64 67 | $12,841,392 56 
Cows, : ; 4 » 174,167 30 78 5,360,860 26 
Cattle other than cows, . 38,437 16 00 614,992 00 
Sheep, : : : : 34,091 3 38 115,227 58 
Swine, . ; : : 40,570 8 44 342,410 80 
Poultry, . : ‘ : 553,970 - 246,703 00 


Total, : ; - - $19,521 .586 20) 
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Value of Dairy Products. 


1890. | Quantity. Price. Value. 


Milk (gallons), : ; 82,571,924 $0 09 $7,431,473 00 
Butter Gumiadsy, : ; 10,410,300 20 2,082,060 00 
Cheese (pounds), . : 385,533 08 30,842 00 

Total, \ : : ar ~ i | isle - $9,544,375 00 


Prices are from estimates of 1895, made to apply to products in United 
States. They should be higher for Massachusetts. 


Value of farm animals, . ; : ; » $19,521,586 20 
Value of dairy products, . : : : . 9,544,375 00 
Value of poultry products,* : : . : 553,970 00 

Total, . : 4 : ; : ‘ . $29,619,931 20 


It is estimated that there is an annual loss of 6 per cent. 
on this valuation, resulting from disease, most of which is 
preventable. There is not, if I am informed correctly, a 
single place in this State where the prime object is the 
study of the diseases of the domestic animals. Other States 
have already recognized the importance of this subject, and 
provided means of instruction and study, for the two go 
hand in hand. Pennsylvania has appropriated $30,000 
to the veterinary department of its university. Iowa has 
furnished the necessary buildings for its college. New 
York has granted $150,000 for buildings and $25,000 annu- 
ally for running expenses. Ohio has appropriated large 
sums, but the exact figures have not been ascertained. In 
the ordinary business of life, where great capital is invested, 
the services of experts are sought. In this great industry, 
in which nearly thirty millions of capital are engaged, pro- 
vision has not yet been made for the intelligent study of 
animal diseases, though nearly a million dollars’ loss occurs 
annually through lack of knowledge. The natural place 
for the dissemination of such knowledge and for the study 


* 2,769,850 dozen eggs, at 20 cents. 
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of the various plagues affecting our domestic animals is 
the veterinary department of the college, and for this two 
things are absolutely essential, — a laboratory and hospital-. 
stable connected therewith, and a small annual appropria- 
tion for maintenance. The laboratory, with its recitation 
room, workshop and museum, is both educational and 
experimental. The stable, while it subserves both pur-— 
poses, is more especially for investigation. It requires a 
larger outlay than at first thought may seem necessary. It 
must be built in a different manner from ordinary stables, 
to meet the exigencies of the case. Room should be pro- 
vided for six stalls, each absolutely isolated from the others, 
cut off by a brick partition, the walls covered with adamant 
cement and the floors of artificial stone, so as to insure 
absolute disinfection at the close of each investigation. 
In this particular the bovine race is in no ways different 
from the human. Modern science would never think of 
introducing a patient suffering from typhoid fever into a 
small-pox or scarlet-fever ward. In like manner, germ- 
infected timber or earth would never do in stalls in which 
one week might be an aggravated case of cow-pox and the 
next one of tuberculosis. To provide for these buildings 
and their equipment we ask for $25,000 and an annual 
maintenance fund of $1,000. ied 
The chemical department requires for equipment and 
material the sum of $1,000 in order to place it in position 
to offer the educational facilities demanded. Charts, models, 
material, apparatus and chemicals are needed. With the 
changes made in the college curriculum, new wants have to 
be supplied. The senior electives, the post-graduate courses, 
the short winter courses call for instruction in almost every 
branch of theoretical and applied chemistry, and demon- 
strations in a wide range of subjects are made necessary. 
These include agricultural chemistry, physiological and med- 
ical chemistry, assaying, mineral analysis, metallurgy, gas 
analysis, sugar manufacturing, color chemistry and many 
other industrial processes. To answer these requirements 
there should be an abundance of material on hand for 
demonstration. In no other department is there so great 


1898.] PUBLIC DOCUMENT —No. 31. 23 


and at the same time so unavoidable a consumption of 
material and using up of perishable equipment, most of 
which has to be imported. In almost every other college 
we find a certain definite sum, ranging from $700 to $1,000, 
| annually appropriated to supply this waste. Lack of means 
has prevented such annual repair of loss, and at irregular 
intervals we are compelled to apply for aid. 

Among the many unsolved problems confronting the 
dairyman is the effect of feed stuffs on the consistency and 
flavor of butter. Experiments in the past have been for the 
most part confined to the production of quantity. Dairy- 
men are now calling for investigations of quality. Such 
work requires the erection and equipment of a small dairy 
building for purpose of experiment alone. A plant of this 
description would call for an outlay of $2,000 for the fol- 
lowing special items : — 

(a) A building 22 by 44 feet, with ice-house attached, 
18 by 20 feet, including floor of artificial stone for creamery. 

(>) Creamery fittings (boiler, engine, apparatus). 

(c) Drainage. 

(d) Heating building and connecting tanks. 

In brief, then, the following amounts are asked for : — 


Veterinary laboratory and equipment, . : » $25,000 
Chemical equipment, . : : ; ‘ ; 1,000 
Dairy plant, . : : : : : : ; 2,000 

$28,000 


and an annual maintenance fund of $1,000, veterinary de- 
partment. 

In accordance with the act of Congress establishing these 
colleges, and requiring in their annual report the publica- 
tion of matter of information to the people, an illustrated 
paper is appended by Prof. Charles H. Fernald on the 
plume-moths. 


Respectfully submitted, by order of the trustees, 
HENRY H. GOODELL, 


President. 
AMHERST, Jan. 1, 1898. 
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THE CORPORATION. 


Term expires. 


WILLIAM H. BOWKER of Boston, . ; : . bees 
J. D. W. FRENCH of Boston, . ‘ : ‘ ,, Ove 
J. HOWE DEMOND of Norruampton, . .  . 1900 
ELMER D. HOWE of Martsoroues, . é oS 
NATHANIEL I. BOWDITCH of Framinenam, . J, LOOK 
WILLIAM WHEELER of Concorp, . : ; . 1901 
ELIJAH W. WOOD of West Newton, 5 ’ . 1902 
CHARLES A. GLEASON of New BrarintReEr, . . 3 A 
JAMES DRAPER of Worcester, ; ‘ : .- AGS 
SAMUEL C. DAMON of Lancastrr, . , é . 1903 
HENRY S. HYDE of Sprinerietp, . ei . 902 
MERRITT I. WHEELER of Great Banca Peary 6) 02 
JAMES 8S. GRINNELL of GREENFIELD, 5 , «SOs 
CHARLES L. FLINT of Brooxumnz, .  . |. 9s to@e 


Members Ex Officio. 
His ExceLttency Governor ROGER WOLCOTT, . 
f President of the Corporation. 
HENRY H. GOODELL, President of the College. 
FRANK A. HILL, Secretary of the Board of Education. 
WILLIAM R. SESSIONS, Secretary of the Board of Agriculture. 


JAMES 8S. GRINNELL of GREENFIELD, 
Vice-President of the Corporation. 


GEORGE F. MILLS of Amuerst, T’reasurer. 


CHARLES A. GLEASON of New Braintree, Auditor. 
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Committee on Finance and Buildings.* 
JAMES S. GRINNELL. HENRY S. HYDE. 
J. HOWE DEMOND. SAMUEL C. DAMON. 
CHARLES A. GLEASON, Chairman. 


Committee on Course of Study and Faculty.* 
WILLIAM H. BOWKER. ELMER D. HOWE. 
CHARLES L. FLINT. J. D. W. FRENCH. 

WILLIAM WHEELER, Chairman. 


Committee on Farm and Horticultural Department.* 
ELIJAH W. WOOD. JAMES DRAPER. 
NATHANIEL I. BOWDITCH. MERRITT I. WHEELER. 

WILLIAM R. SESSIONS, Chairman. 


Committee on Experiment Department.* 
CHARLES A. GLEASON. ELIJAH W. WOOD. 
WILLIAM WHEELER. JAMES DRAPER. 

WILLIAM R. SESSIONS, Chairman. 


. Board of Overseers. 
STATE BOARD OF AGRICULTURE. 


Examining Committee of Overseers, 
GEORGE CRUICKSHANKS (Ch’n), or Fircusure. 


E. A. HARWOOD, ‘ : : oF NortH BROOKFIELD. 
JOHN BURSLEY, j ; ‘ oF West BARNSTABLE. 
C. K. BREWSTER, P P ‘ OF WORTHINGTON. 
WESLEY B. BARTON, : : OF DALTON. 


* The president of the college is ex officio a member of each of these com- 
mittees. ; 
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The Faculty. 


HENRY H. GOODELL, LL.D., President, 
Professor of Modern Languages. 


LEVI STOCKBRIDGE, 
Professor. of Agriculture, Honorary. 


CHARLES A. GOESSMANN, Pu.D., LL.D., 
Professor of Chemistry. 


SAMUEL T. MAYNARD, B.Sc., 
Professor of Horticulture. 


CHARLES WELLINGTON, Pu.D., 
Associate Professor of Chemistry. 


CHARLES H. FERNALD, Pu.D., 
Professor of Zoology. 


Rev. CHARLES S. WALKER, Pu.D., 
Professor of Mental and Political Science. 


WILLIAM P. BROOKS, Pu.D., 
Professor of Agriculture. 


GEORGE F. MILLS, M.A., 
Professor of English and Latin. 


JAMES B. PAIGE, D.V.S., 
Professor of Veterinary Science. 


GEORGE E. STONE, Pu.D., 
Professor of Botany. 


JOHN E. OSTRANDER, M.A., C.E., 
Professor of Mathematics and Civil Engineering. 


HERMAN BABSON, M.A., 
Assistant Professor of English. 


EDWARD R. FLINT, Pa.D., 
Assistant Professor of Chemistry. 
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FRED S. COOLEY, B.Sc., 
Assistant Professor of Agriculture. 


RICHARD S. LULL, M.S., 
Assistant Professor of Zodlogy. 


RALPH E. SMITH, B.Sc., 
Instructor in German and Botany. 


PHILIP B. HASBROUCK, B.S., 
Assistant Professor of Mathematics. 


WILLIAM M. WRIGHT, Isr Lievrt., 2p Inranrry, U.S.A., 
Professor of Military Science and Tactics. 


ROBERT W. LYMAN, LL.D., 
Lecturer on Farm Law. 


HENRY H. GOODELL, LL.D., 
Librarian. 


Graduates of 1897. * 
Master of Science. 


Burgess, Albert Franklin,. : - Rockland. 
Kinney, Asa Stephen, : : :, Worcester. 


Bachelor of Science. 


Allen, Harry Francis (Boston Univ.), . Northborough. 
. Allen, John William (Boston Univ.),. Northborough. 
Armstrong, Herbert Julius (Boston 
Univ.), : ; ; . Sunderland. 
Barry, John Marshall (Boston Univ.), Boston. 
Bartlett, James Lowell (Boston Univ.), Salisbury. 
Cheney, Liberty Lyon (Boston Univ.), Southbridge. 
Clark, Lafayette Franklin (Boston 
Untv.), . é 4 : ; . West Brattleboro, Vt. 


* The annual report, being made in January, necessarily includes parts of two 
academic years, and the catalogue bears the names of such students as have been 
connected with the college during any portion of the year 1897. 
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Drew, George Albert (Boston Univ.), 

Emrich, John Albert, 

Goessmann, Charles Ignatius (Basins 
Univ. ), 

Leavens, 
Univ.), ‘ 

Norton, Charles Ayer CBbetein Vite: 7 

Palmer, Clayton Franklin (Boston 
Univ.), 

Peters, Charles Rane (nodton ue . 

Smith, Jr., Philip Henry (Boston 
Univ.), ; : : ; : 


George Daviodn cBuateh 


Howe, Edward Gardnier (’72), . 
Stone, George Edward (’86), . : 
Total, : ; : : 


Senior Class. 


Adjemian, Avedis Garrabet, 
Baxter, Charles Newcomb, 
Clark, Clifford Gay, . 
Eaton, Julian Stiles, 
Fisher, Willis Sikes, 
Montgomery, Jr., Alexander, 
Nickerson, John Peter, 
Warden, Randall Duncan, : 
Wiley, Samuel William, . ‘ : 
Wright, George Henry, 
Total, ; 


Junior Class. 


Armstrong, William Henry, 
Beaman, Dan Ashley, j ; 
Boutelle, Albert Arthur, 

Canto, Ysidro Herrera, 

Chapin, William Edward, . 
Chapman, John Chauncey, 
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Westford. 
Amherst. 


Amherst. 


Brooklyn Heights, N. Y. 
Lynn. 


Stockbridge. 
Worcester. 


South Hadley Falls. 


Urbana, Ill. 
Amherst. 
18 


Kharpoot, Turkey. 
Quincy. 
Sunderland. 
Nyack, N. Y. 
Ludlow. 
Natick. , 
West Harwich. 
Roxbury. 
Amherst. 
Deerfield. 

10 


Cambridge. 

Leverett. 
Leominster. 
Cansaheat, Yucatan. 
Chicopee. 

Amherst. 
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Courtney, Howard Scholes, 


Dana, Herbert Warner, 
Dutcher, John Remson, 
Hinds, Warren Elmer, 
Hooker, William Anson, 
Hubbard, George Caleb, 
Maynard, Howard Eddy, 
Pingree, Melvin Herbert, 
Sharpe, Edward Hewett, 
Smith, Bernard Howard, 
Smith, Carl William, . 
Smith, Samuel Eldredge, 
Stacy, Clifford Eli, 


Turner, Frederick Harvey, 
Walker, Charles Morehouse, 


Wright, Edwin Monroe, 
Total, 


Attleborough. 
South Ambherst. 
Nyack, N. Y. 
Townsend. 
Amherst. 
Sunderland. 
Amherst. 
Denmark, Me. 
Northfield. 
Middlefield. 
Melrose. 
Middlefield. 
Gloucester. 
Housatonic. 
A nherst. 
Manteno, III. 
22. 


Sophomore Class. 


Atkins, Edwin Kellogg, 
Baker, Howard, 
Brown, Frank Howard, 


~ Campbell, Morton Alfred, . 


Crane, Henry Lewis, . 


Crowell, Jr., Charles Augustus, . 


Crowell, Warner Rogers, 
Felch, Perey Fletcher, 
Frost, Arthur Forrester, 
Gile, Alfred Dewing, 
Halligan, James Edward, 
Harmon, Arthur Atwell, 
Hull, Edward Taylor, 
Hunting, Nathan Justus, 
Kellogg, James William, 


Landers, Morris Bernard, . 


Lewis, James, : 
March, Allen Lucas, . 


Merrill, Frederic Augustus, 
Monahan, Arthur Coleman, 


Morrill, Austin Winfield, 


North Amherst. 
Dudley. 

Newton Centre. 
Townsend. 

Ellis. 

Everett. 

Everett. 

Worcester. 

South Monmouth, Me. 
Worcester. 
Roslindale. 
Chelmsford. 
Greenfield Hill, Conn. 
Shutesbury. 
Amherst. 
Bondsville. 
Fairhaven. 
Ashfield. 

Boston. 

South Framingham. 
Tewksbury. 
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Munson, Mark Hayes, ~ 
Otis, Wilbur Corthell, 


Ovalle Barros, Julio Moises, 
Parmenter, George Freeman, 


Risley, Clayton Erastus, 

Rogers, William Berry, 

Saunders, Edward Boyle, 

Stanley, Francis Guy, 

Walker, Henry Earl, . 

West, Albert Merril, . 
Total, 


Huntington. 
Beachmont. 
Santiago, Chili. 
Dover. 
Plainfield, N. J. 
Cambridge. 
Southwick. 
Springfield. 
Vineyard Haven. 
Brookville. 

31 


Freshman Class. 


Ahearn, Michael Francis, 
Baker, John Brown, . 
Barry, John Cornelius, 


Boutelle, Clarence Alfred, . 
Bridgeforth, George Ruffin, 
Brooks, Percival Cushing, . 


Casey, Thomas, 


Chickering, James Henry, . 


Clarke, George Crowell, 


Cooke, Theodore Frederic, 


Curtis, Ernest Waldo, 
Dana, George Henry, 


Dawson, William Alucius, . 
Dickerman, William Carlton, 


Dorman, Allison Rice, 


Gamwell, Edward Stephen, 
Gordon, Clarence Everett, . 


Graves, Jr., Thaddeus, 
Gurney, Victor Henry, 


Hemenway, Francis Ellis, . 


Henry, James Buel, . 
Howard, John Herbert, 
Jones, Clark Winthrop, 
Jones, Cyrus Walter, 
Judd, Warren Harold, 
Leslie, Charles Thomas, 


Macomber, Ernest Leslie, . 


Framingham. 
Amherst. 
Amherst. 
Leominster. 
Westmoreland, Ala. 
Brockton. 
Amherst. 

Dover. 

Malden. 
Austerlitz, N. Y. 
Canton. 

South Amherst. 
Worcester. 
Taunton. 
Springfield. 
Pittsfield. 

Clinton. 

Hatfield. 

Forge Village. 
Williamsville. 
Scitico, Conn. 
Littleton Common. 
Huntington. 
Amherst. 

South Hadley Falls. 
Pittsfield. 
Taunton. 
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Moulton, Harry Jackson, Milford. 

Paul, Herbert Amasa, Lynn. 

Rice, Charles Leslie, . Pittsfield. 

Root, Luther Augustus, Deerfield. 

Smith, Ralph Ingram, Leverett. 
Tashjian, Dickran Bedross, Kharpoot, Turkey. 
Todd, John Harris, ; Rowley. 

Wilson, Alexander Cavassa, Boston. 


Total, 


35 


Graduates’ Two-Years Course. 


Ashley, Henry Simeon, 
Burrington, John Cecil, 
Colburn, Charles Day, 
Dye, Willie Arius, 


East Longmeadow. 
Charlemont. 
Westford. 
Sheffield. 


Humphrey, Charles enti: : . Ambherst. 
Merriman, Francis Evander, : - Boston. 
Total, : - 4 : : : , : : 6 


Short Winter Courses. 


Adams, Charles Moody, . : . Wayland. 
Charmbury, Thomas Herbert, . . Amherst. 


Chiashi, Louie Yeizo, 
Doescher, John Fred, 


Imadzumura, Japan. : 
Cherry Valley. 


Fiske, Charles Daniel, Hampden. 
Fuller, Herman Kelso, Lowell. 
Graham, Charles Sumner, Westborough. 
Holt, Jonathan Edward, Andover. 
Hopkins, Lemuel Truesdell, Conway. 
Howes, Albert Lorenzo, Ashfield. 
Leach, Oliver Herbert, Florence. 
Moore, George Calvin, Leverett. 
Pendleton, Charles Bemis, . Willimansett. 
Sherman, Wilbur Gifford, Haverhill. 
Smith, Charles Atherton, Buckland. 
Stowell, Herbert Willard, Leverett. 


Total, 


16 
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Graduate Course. 
For Degree of M.S. 


Armstrong (B.Se., M. A. C., 797), 
Herbert Julius, ‘ 

Caudell (B.S., Oklahoma, 96), a 
drew Nelson, . . 

Goessmann (B.Sc., M. A CO; 97), 
Charles Ignatius, : : : 

Hemenway (B.Sc., M. A. C., 95), 
Herbert Daniel, : 

Kochi (B.S., Sapporo, 91), Chigio, : 

Leavens ((B-Se., ME. vAL (CS S97). 
George Davison, ; ; ; 

Palmer (B.Se., M. A. C., 797), Clay- 
ton Franklin, 

Peters (B.Sc., M. A. C., 97 ve Classe 
Adams, . 

Stevens (B. Ae Heed Gane Bs 9) 
Waldo nikon 5 

Total, 


Sunderland. 
Kansas City, Mo. 
Amherst. 


Williamsville. 
Bingo, Japan. 


Brooklyn Heights, N. Y. 
Stockbridge. 
Worcester. 


Groton. 


Resident Graduates at the College and Experiment Station. 


Cooley, B.Sc., Robert Allen, 
Drew, B.Se., George Albert, 
Hammar, B.Sc., James Fabens, . 
Haskins, B.Se., Henri Darwin, . 
Holland, B.Se., Edward Bertram, 
Holt, B.Se., Jonathan Edward, 
Jones, B.Sc., Benjamin Kent, 
Kinney, B.Se., Asa Stephen, 
Putnam, B.Sc., Joseph Harry, 
Roper, B.Sc., Harry Howard, 
Smith, B.Se., Frederic Jason, 
Smith, Jr., B.Sc., Philip Henry, 
Smith, B.Sc., Robert Hyde, 
Thomson, B.Sc., Henry Martin, . 
White, B.Se., Edward Albert, 
Total, : 


South Deerfield. 
Westford. 
Swampscott. 


-- North Amherst. 


Ambherst. 
Andover., 
Middlefield. 
Worcester. 
West Sutton. 
East Hubbardston. 
North Hadley. 
South Hadley Falls. 
Amherst. 
Monterey. 
Ashby. 

15 


1898. | PUBLIC DOCUMENT —No. 31. 


Special Students. 
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Cross (Amh. Coll.), Edward Winslow, Manchester, N. H. 


Howard (Amh. Coll.), Arthur Day, . Glencoe, IIl. 
Kendall (Amh. Coll.), Henry Plimpton, Walpole. 
Total, : ; , - : ‘ y 


Summary. 
Graduate course :— 


For degree of M.S., . 


Four-years course : — 
Graduates of 1897, 
Senior class, 
Junior class, 
Sophomore class, 
Freshman class, . 


Two-years course : — 
Graduates of 1897, 


Winter course, . 

Resident graduates, . 

Special students, 
Total, 

Entered twice, . 


Total, 
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SHORT WINTER COURSES. 


[All courses optional.] 


AGRICULTURE. 


[ Jan. 


I. General Agriculture. 


IIT. Animal Husbandry. 


1. Soils and operations upon them, 1. Introduction, . ti ° 5 3 1 
drainage, irrigation, etc., . C 10 2. Location and soil, . A «th ° 2 

2. Farm implements and machinery, . 5 3. Building, . . 5 ° ° ° 4 

3. Manures and fertilizers, . : 5 10 4. Breeds of cattle,* . . ° . 10 

4. Crops of the farm, characteristics, 5. Breeds of horses, . ci F ° 6 
management, etc., i ‘ 0 10 6. Grain and fodder crops,* 6 a 11 

5. Crop rotation, . A 5 6 : 2 7. Foods and feeding,* ° ° oho geal 

6. Farm book-keeping, ‘ ‘ 4 5 8. Extra, ¢ 5 c . A c 19 

7. Sng economics, ; 4 11 Natal ont see k : ; 64 

8. Farm, dairy and poultry manage- | 
ment, . ° 5 C 5 c 11 

Total hours, . : - ~ 64 
* With dairy course. 
DAIRYING. 
TIT. Lectures and Class-room Work. IIT. Lectures, etc. —Concluded. 

1. The soil and crops, . 5 ° c 22 8. Composition and physical pe- 

2. The dairy breeds and cattle breed- culiarities of milk; conditions 
ing, : : A 4 : 22 which affect creaming, churn- 

8. Stable construction and sanitation, ing, methods of testing and pres- 
care of cattle, > : : 6 11 ervation, 3 > ' 0 0 22 

4. Common diseases of stock, their 9. Milk testing, . - 5 3 : 6 
prevention and treatment, . : 11 10. Butter making, . ; wong 12 

5. Foods and feeding, . é é A 11 11. Practice in aeration, pasteuriza- 

6. Book-keeping for the dairy farm tion, ; 6 5 - 0 6 
and butter factory, . 22 a 

4%. Pasteurization and preparation a Total hours, . a 3 . 156 
milk on physicians’ prescrip- 
tions, . . 5 11 

HORTICULTURE. 
IV. Fruit Culture. V. Floriculture — Concluded. 

1. Introduction, . : : 5 “ 1 5. Insects and fungi which attack 

2. Propagation of fruit trees by seed, greenhouse plants, . 5 2 
budding, grafting, forming the Totavhouray We i : ae 
head, digging, planting, pruning, 
training, cultivation, etc., 28 Vi. Market Gardening. 

8. Insects and fungous diseases, 5 hee 1. Introduction, equipment, tools, 

Total hours, . : i Bese ay manures, fertilizers, etc., . é 3 
2. Greenhouse construction and heat- 
V. Floriculture. ing, ; : Pees 6 

1. Greenhouse construction and heat- 3. Forcing A coutabies under glass, 3 
ing, ° 6 4. Seed growing by the market gar- 

2. Propagation of wibentouse an dener, . f : 3 
other plants by seed, cuttings, 5. Special treatment eoduiren bi. each 
grafting, etc., 4 2 - « 3° crop, . : . é 10 

3. Cultivation of rose, carnation, 6. Insects and fungi, swith aden 2 
chrysanthemum and orchids, . 12 Sa a 

4. Propagation and care of green- Total hours, . . i Berane 
house and bedding plants, . 10 
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BoTANny. 


VII. Lectures on Injurious Fungi of the VilZ. Lectures and Demonstrations on 
Farm, Garden, Greenhouse, Or. * How Plants Grow.” 
chard and Vineyard. 


1. Introduction, . ss : “ 5 1 
1. Introduction, . e ° : 5 2 2. Thepartsofaplant, . : - 1 
2. Nature and structure of rusts, . 4 8. Structure of the cell and plant in 
8. Nature and structure of smuts, . 4 general, . : : : - 3 
4. Nature and structure of mildews, . 4 4. Functions of root,stem and leaves, 3 
5. Nature and structure of rots, . 4 5. Food of plant obtained from air, . 3 
6. Beneficialfungiofroots, . . 2 6. Food of plant obtained from soil, 3 
7. Edible mushrooms, . ° ° . 2 7. Transference and elaboration of 


food, . - 4 7 : : 2 
Total hours, . ° ° : 22 ’ 
F 8. Growth of plants, . ° 5 ; 2 
9. Effects of light, moisture, heat 


andcold, . 5 A 2 
10. Root tubercles on pea aad diner: a 
11. Cross fertilization of flowers, 1 
Total hours, . ; : “ 2 
CHEMISTRY. 
IX. General Agricultural Chemistry. X. Chemistry of the Dairy. 
1. Introduction, . . le c 1. Introduction, . : 2 2 


2. The fourteen elements of want 
ural chemistry, . - : - 14 
8. Kocks and soils, . ‘ ‘ ; 3. The physical properties of milk, . 13 
The atmosphere, . ° s s 4. Analysis of milk, butter, cheese 


7) 
2. The fourteen elements of aurigull: 
1 
8 
7 
The chemistry of erop-growing, . 8 and other dairy products, . = 13 
8 
8 
55 


ural chemistry, . F ‘ ~ 


4 

5. 

6. Fertilizers, ; - 5 - : 5. Chemistry of the manufacture of 

7. Animal chemistry, . . . ° dairy products, . 5 ‘ - 13 


Total hours, . . ‘ ° Total hours, . 7 : - 55 


ZOOLOGY. 


XI, Animal Life on the Farm. XII. Insect Friends and Foes of the 
Farmers. 


Total hours, . ; : : 22 
Total hours,, . - , A 33 


$$$ ns 
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GRADUATE COURSE. 


1. Honorary degrees will not be conferred. 

2. Applicants will not be eligible to the degree of M.S. until 
they have received the degree of B.Sc. or its equivalent. | 

3. The faculty shall offer a course of study in each of the 
following subjects: mathematics and physics; chemistry; agricult- 
ure; botany; horticulture; entomology; veterinary. Upon the 
satisfactory completion of any two of these the applicant shall 
receive the degree of M.S. This prescribed work may be done at 
the Massachusetts Agricultural College or at any institution which 
the applicant may choose; but in either case the degree shall be 
conferred only after the applicant has passed an examination at 
the college under such rules and regulations as may be prescribed. 

4. The degree of Doctor of Philosophy may be conferred upon 
graduates of this college or other colleges of good standing who 
shall spend three years at this institution, taking chemistry, bot- 
any and entomology as their major and minor studies, if in this 
time the amount and quality of work done be satisfactory to the 
professors in charge of the above-named departments. 

5. Every student in the graduate course shall pay twenty-five 
dollars to the treasurer of the college before receiving the degree 
of M.S. or Ph.D. 


TEXT-BOOKS. 


Gray — ‘“ Manual.” American Book Company, New York. 

DARWIN and Acton — “ Practical Physiology of Plants.” University 
Press, Cambridge. 3 

STRASBURGER — “ Practical Botany.” Swan, Sonnenschein & Co., 
London. 

SORAUER — “ Physiology of Plants.” Longmans, Green & Co, N ew 
York and London. 

CAMPBELL —‘ Structural and Systematic Potent? ”. Ginny we; 
Boston. 

KNoBEL —“* Trees and Shrubs of New England.” Bradlee Whidden, 
Boston. 

GREINER — “ How to make the Garden pay.” Wm. Maule, Phila- 


delphia. 

Lone — “ Ornamental Gardening for Americans.” Orange Judd 
Company, New York. 

Tarr — “ Greenhouse Construction.” Orange Judd Company, New 


York. 
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WEED — “Insects and Insecticides.” Orange Judd Company, New 
York. 

WeeED — “ Fungi and Fungicides.” Orange Judd Company, New 
York. | 

FULLER — “ Practical Forestry.” Orange Judd Company, New 
York. 

MAyYNarpD — “ Practical Fruit Grower.” Orange Judd Company, New 
York. 

McALpPInE — “ How to know Grasses by their Leaves.” David 
Douglas, Edinburgh. 

LopEMAN—“ The Spraying of Crops.” Macmillan & Co., New 
York. 

SAUNDERS — “Insects injurious to Fruits.” Lippincott & Co., 
Philadelphia. 

Morrow and Hunr—“ Soils and Crops.” Howard & Wilson Pub- 
lishing Company. 

AIKMAN — “ Manures and the Principles of Manuring.” Wm. Black- 
wood & Son, Edinburgh. 

MiLEs — “ Stock Breeding” D Appleton & Co., New York. 

Curtis — “ Horses, Cattle, Sheep and Swine.” Orange Judd Com- 
pany, New York. 

FARRINGTON and WoLr_t— “Testing Milk and its Products” Men- 
dota Book Company, Madison, Wis. 

Von RICHTER — “ A Text-book of Inorganic Chemistry.” P. Blakis- 
ton, Son & Co., Philadelphia. 

MotTer — “ Analytical Chemistry.” P. Blakiston, Son & Co., Phila- 
delphia. 

Roscor — “ Lessons in Elementary Chemistry.” Macmillan & Co., 
New York. 

BERNTHSEN and McGowan —“ Text-book of Organic Chemistry ” 
Blackie & Son, London. 

REYNOLDs — “ Experimental Chemistry ” Longmans, Green & Co., 
New York and London. 

Sutton — “ Volumetric Analysis.” J. & A. Churchill, London. 

Dana —‘“‘ Manual of Determinative Mineralogy.” John Wiley & 
Sons, New York. 

Dana —“ A Text-book of Elementary Mechanics for the Use ot 
Colleges and Schools.” John Wiley & Sons, New York. 

GAGE —“ The Principles of Physics.” Ginn & Co., Boston. 

FAuNCE — “ Mechanical Drawing.” Linus Faunce, Boston. 

WELLs — *“ College Algebra.” Leach, Shewell & Sanborn, Boston. 

Meservey — “ Meservey’s Book-keeping, Single and Double Entry.” 
Thompson, Brown & Co., Boston. 

WELLS — “ Plane and Solid Geometry.” Leach, Shewell & Sanborn, 
Boston. : 

WELLS — “ Essentials of Trigonometry.” Leach, Shewell & Sanborn, 


Boston 
GILLESPIE — ‘“‘ A Manual on the Principles and Practice of Road 


Making.” A.S. Barnes & Co., New York. 
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MrRRIMAN—“ A Treatise on Hydraulics.” John Wiley & Sons, 
New York. 


MiILLER—‘“ A Treatise on Plane and Spherical Trigonometry.” 
Leach, Shewell & Sanborn, Boston. 
Raymonp —“ A Text-book on Plane Surveying.” American Book 


Company, New York. 

FauNcE— “ Descriptive Geometry.” Ginn & Co., Boston. 

MERRIMAN — “ Text-book on Least Squares.” John Wiley & Sons, 
New York. 

Martin — ‘“ The Human Body” (briefer course). Henry Holt & Co., 
New York. | 

WALKER — “ Political Economy” (briefer course). Henry Holt & 
Co., New York. 

WALKER — “ The Industrial History of England.” Methuen & Co., 
London. 

WILSON — “ The State.” D.C. Heath, Boston. 

Gippins —“ A Short Constitutional History of England” Ginn & 
Co., Boston. 

GENUNG — ‘“‘ Outlines of Rhetoric.” Ginn & Co., Boston. 

WENTWORTH — “ Irving’s Sketch Book.” Allyn & Bacon, Boston. 

LONGFELLOW — “ Poems.” Houghton, Mifflin & Co , Boston. 

PATTEE —“ A History of American Literature.” Silver, Burdett & 
Co., Boston. | 

PaNncoast — “ Representative English Literature.” Henry Holt & 
Co., New York. 


JEVONS — “ Logic.” Science Primer Series. American Book Com- 
pany, New York. 
Corson — “Selections from Chaucer’s Canterbury Tales.” The 


Macmillan Company, New York. 
ROLFE — “ English Classics.” Harper & Brothers, New York. 


Wuitney — “ French Grammar.” Henry Holt & Co., New York. 
WHITNEY — “German Grammar.” Henry Holt & Co., New York. 
SHELDON —“ Short German Grammar.” D.C. Heath & Co., Boston. 


HopGEs — “ Course in Scientific German.” D C. Heath & Co., 


Boston. 
Petrir—‘“ Elements of Military Science.” The Tuttle, Morehouse 


& Taylor Press, New Haven, Conn. 
“ Infantry Drill Regulations.” Army and Navy Journal, New York. 


To give not only a practical but a liberal education is the aim in 
each department, and the several courses have been so arranged. 
as to best subserve that end. Exercises in composition and 
declamation are held throughout the course. The instruction in 
agriculture and horticulture is both theoretical and practical, the 
lessons of the recitation room being practically enforced in the 
garden and field. Students are allowed to work for wages during 
such leisure hours as are at their disposal. Under the act by 
which the college was founded, instruction in military tactics is 
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imperative, and each student, unless physically debarred,* is 
required to attend such exercises as are prescribed, under the 
direction of a regular army officer stationed at the college. 


FOUR-YEARS COURSE. 


ADMISSION. 


Candidates for admission to the freshman class will be examined 
orally and in writing upon the following subjects: English gram- 
mar, geography, United States history, physiology, physical geog- 
raphy, arithmetic, the metric system, aigebra (through quadratics) , 
geometry (two books) and civil government (Mowry’s ‘‘ Studies 
in Civil Government”). The standard required is 65 per cent. 
on each paper. Diplomas from high schools will not be received 
in place of examination. Examinations in the following subjects 
may be taken a year before the candidate expects to enter college: 
English grammar, geography, United States history, physical 
geography and physiology. Satisfactory examination in a sub- 
stantial part of the subjects offered will be required, that the 
applicant may have credit for this preliminary examination. 

Candidates for higher standing are examined as above, and also 
in the studies gone over by the class to which they desire admis- 
sion. 

No one can be admitted to the college until he is sixteen years 
of age. The regular examinations for admission are held at the 
Botanic Museum, at 9 o’clock a.mM., on Thursday and Friday, 
June 23 and 24, and on Tuesday and Wednesday, September 6 
and 7; but candidates may be examined and admitted at any other 
time in the year. For the accommodation of those living in the 
eastern part of the State, examinations will also be held at 9 
o’clock a.m., on Thursday and Friday, June 23 and 24, at Jacob 
Sleeper Hall, Boston University, 12 Somerset Street, Boston; and 
for the accommodation of those in the western part of the State, 
at the same date and time, at the Sedgwick Institute, Great Bar- 
rington, by James Bird. ‘Two full days are required for examina- 
tion, and candidates must come prepared to stay that length of 
time. 


* Certificates of disability must be procured of Dr. Herbert B. Perry of Amherst. 
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WINTER COURSES. 


For these short winter courses examinations are not required. 
They commence the first Wednesday in January and end the third 
Wednesday in March. Candidates must be at least sixteen years 
of age. The doors of the college are opened to applicants from 
both sexes. The same privileges in regard to room and board will 
obtain as with other students. Attendance upon general exercises 
is required. The usual fees for apparatus and material used in 
laboratory work will be required. Attendance upon military drill 
is not expected. 


ENTRANCE EXAMINATION PAPERS USED IN 1897. 


The standard required is 65 per cent. on each paper. 


ARITHMETIC AND Metric SYSTEM. 


1. Divide the least common multiple of 7, 42, 6, 9, 10 and 
630 by the greatest common divisor of 110, 140 and 680. 
bof 7 | 48X fy _, 
Sorts Ti xcis 
3. <A speculator bought 48 bales of cotton, and afterward sold 
the whole for $2,008.80, losing 7%. What was the cost of each 
bale? 
4. What must be the face of a note at 10 months, interest at 
8%, so that the proceeds may be $448.00? 
5. (2.8)? +0 .117649 = 
6. What will be the weight in grams of the water contained in 
a rectangular vessel 2 m. x 9 cm. X 7 dm.? 
7. How many pails of water are there in a tank 10 m. 4 cm. 
long, 6 m. 2 dm. wide and 9 dm. 4 cm. deep, if the capacity of 
the pail is 5 litres? 


Give answer in lowest terms. 


ALGEBRA. 


Resolve into prime factors — 

1. (a) (5u-+ 8y)? — (4a — 3y)’. 

(b) (2e-+ 3y) (30) — (20+ By) (2y). 
(c) (@ — 7x-+6). 

2. A cistern could be filled with water by means of one pipe 
alone in six hours and by means of another pipe alone in eight 
hours, and it could be emptied by a tap in twelve hours if the two 
pipes were closed. In what time will the cistern be filled if the 
pipes and tap are all open? 
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VR 
ety | 
3. solve for x and y. 
v6 alah 
—— —=3 
tena ) 


4, Find the square root of 
9a+ 10 — 1203 — 4a a, 
5. Rationalize the denominator of 


25/3 —4V/ 2 
773 —5V2 
6. Divide a+b — c3+ 2as b: by at-+bi +c. 
——_ 2xey—5 


solve for x and y. 
vs ee on 


(GEOMETRY. 


1. Each side of an equilateral triangle is two feet; find its 
altitude. 

Prove the following : — 

2. The line joining the middle points of two sides of a triangle 
is parallel to the third side and equal to one-half of it. 

3. The perpendiculars at the middle points of the sides of a 
triangle meet in a common point. 

4. In the same circle, or equal circles, two central angles are 
in the same ratio as the intercepted arcs. Give proof when the 
ares are incommensurable. 

5. An inscribed angle is measured by one-half its intercepted 
are. Give proof when one side of the angle is a diameter. 


Unirep States History. 


Notre. — Penmanship, spelling, capitalization and punctuation will be considered 
in determining the excellence of your paper. 

1. Contrast the settlement of the Virginia colony at James- 
town and that of the Massachusetts colony at Plymouth. Give 
dates of each settlement. 

2. (a) Name the thirteen original States. (6) What were the 
«¢ Articles of Confederation,” and what were their weak points? 
(c) When was the Constitution adopted? 

3. The causes, principal events and outcome of the French 
and Indian War. 

4. Give brief accounts of the following: (a) The Stamp Act. 
(6) The Boston Massacre. (c) The Boston Tea Party. 

5. Write a short account of the administration of Andrew 
Jackson. 


44 AGRICULTURAL COLLEGE. [ Jan. 


6. For what were the following men noted in the legislative 
history of our country: (a) Benjamin Franklin, (6) Patrick 
Henry, (c) John Jay, (d) Alexander Hamilton, (e) James Mon- 
roe, (f) Daniel Webster, (g) John C. Calhoun, (h) Abraham 
Lincoln, (7) Charles Sumner, (j) Grover Cleveland? 

7-8. The Missouri Compromise. Give the cause, purport of 
and effect. 

9. A few words on the following engagements of the Civil 
War: (a) Farragut’s attack on New Orleans. (0) The battle of 
Gettysburg. 

10. Name the Presidents that were elected for two terms. 


GEOGRAPHY. 


Notre. — Penmanship, spelling, capitalization and punctuation will be considered 
in determining the excellence of your paper. 


1. Draw a line from Boston to New Orleans. Through what 
States would the line pass? 

2. Bound the United States of America. 

3-4. A careful and comprehensive account of Mexico. 

5. Locate: Corea, Amsterdam, Wales, Provincetown, Warsaw, 
Poland, Calcutta, Sydney, Queenstown, Valparaiso. 

6. Describe a journey eastward, by water, from Chicago to 
Constantinople. 

7-8. The East |Indies: (a) names of the principal islands ; 
(0) geographical features; (c) people; (d) resources and prod- 
ucts. 

9. Name six republics on the earth. 

10. The States bordering upon the Gulf of Mexico, and their 
capitals. 

PuysicaL GEOGRAPHY. 


Nors. — Penmanship, spelling, capitalization and punctuation will be considered 
in determining the excellence of your paper. 


1. What are the tides? Where are they greatest, and where 
least? What causes them? Tell the difference between flood and 
high tides. 

2. What is the Sargasso Sea? What causes it? 

3. Name and describe the different kinds of clouds. 

4. What is avoleano? What substances are thrown out dur- 
ing an eruption? What probably causes an eruption? 

5. Suppose a vessel to sail from North Cape to Cape Horn, 
through what zones and across what circles would she pass? 
What ocean currents would she encounter? and state whether they 
would aid or retard her progress 
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Crv1t GOVERNMENT. 


Nore. — Penmanship, spelling, capitalization and punctuation will be consid- 
ered in determining the excellence of your paper. 

1. How does the form of the government of the town in which 
you live differ from that of the government of the United States? 
Is a town government of the same form as that of a city? 

2. Name the three kinds of colonial government found in 
America prior to the Revolution. Show in what respects they 
differed from each other, and name the colonies that were under 
each. 

3. Who make the laws for the government of the town or city 
in which you live? What is the official name of the men whose 
duty it is to see that these laws are executed? By whom and how 
often are these men chosen? Does the town have a written consti- 
tution? 

4. Who make the laws for the government of the State in 
which you live? Where and how often do these law-makers meet? 
By whom are they chosen? How long do they hold office? What 
is the official title of the chief executive officer of the State? 

5. What is the Congress of the United States? Of how many 
bodies does it-consist, and what is the name of each? How many 
men has Massachusetts in each of these bodies? How and for 
how long a time are these men chosen? 

6. What is meant by an executive officer? What is the official 
title of the chief executive officer of the United States? Explain 
carefully how he is elected. For how long a time is he elected? 

7. What is the Constitution of the United States? Who 
framed it? Where and in what year? In what year did it go 
into effect? Name any of the objects for which the people of the 
United States ordained and established the Constitution. 

8. What isa tax? a poll tax? a property tax? a direct tax? 
an indirect tax? For what purposes may a town levy a tax upon 
its citizens? How is the amount of each citizen’s tax deter- 
mined? 

9. Why is an education a necessity in a republican govern- 
ment? Why is it right to tax the citizens of a town for the sup- 
port of public schools? What provision for the support of public 
schools in the new States of the Northwest did Congress make? 
Write briefly about the public schools of the town in which you 
live. 
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PHYSIOLOGY. 


Notre. — Penmanship, spelling, capitalization and punctuation will be consid- 
ered in determining the excellence of your paper. 


1. Name and locate the cranial bones. 

Give a careful description of the skeleton of the trunk. 

2. Describe the mechanics of respiration. 

How does air once breathed differ from pure air? 

3. Give the several functions of the skin. 

Tell what you know of the hygiene of the skin. 

4. Give the bodily location and the uses of the following 
organs: the aorta, the optic nerve, the spleen, the larynx and the 
pharynx. | 

5. Suppose the hand to touch a hot stove, it is drawn away so 
quickly as not to be injured ; how is this done, and by what means? 


ENGLISH GRAMMAR AND COMPOSITION. 


Notre. — Penmanship, spelling, capitalization and punctuation will be consid- 
ered in determining the excellence of your paper. 


f 


1. Name every word in the following sentence; 7.e., give its 
part of speech : — 

‘The closing years of the nineteenth century will be remem- 
bered by Americans as those in which the business prosperity of 
the country sunk to a remarkably low level.” 

2. Select from the above (a) all words in the nominative case ; 
(b) all those in the objective case. (c) Are there any of the pos- 
sessive case in the sentence? 

3. Give the principal parts of: recline, fly, beat, fight, fling. 

4, Analyze the following : — 

‘¢The tramp who came to our door last evening aroused much 
curiosity; and next morning my father tried to find out the place 
from which the man had come.” 

5. Write a sentence upon college education; one upon agri- 
culture. 


Nore. — Each sentence must contain at least twenty words. 


6. Define the paragraph. How does it differ from the sentence? 

7-9. Write three paragraphs upon one of the following sub- 
jects: (a) Why I come to college; (0) Longfellow’s ‘* Evange- 
line ;” (c) John G. Whittier; (d) General Grant. 

10. State clearly and fully the work you have done during the 
past two years, in school and out, in grammar and rhetoric. 
Where books can be named, do so. 
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DEGREES. 


Those who complete the four-years course receive the degree of 
Bachelor of Science, the diploma being signed by the governor of 
Massachusetts, who is the president of the corporation. 

Regular students of the college may also, on application, become 
members of Boston University, and upon graduation receive its 
diploma in addition to that of the college, thereby becoming en- 
titled to all the privileges of its alumni. 

Those completing the prescribed graduate course receive the 
degree of Master of Science or Doctor of Philosophy. 


EXPENSES. 
Tuition in advance :— 
Wall term, . : ; : ; ‘ ; $30 00 
Winter term, : é : ‘ 3 25 00 
Summer term, . ; : : : ; 25 00 
$80 00 $80 00 
Room rent, in advance, $8 to $16 per term, ‘ . 2400 48 00 
Board, $2.50 to $5 per week, ; : ; ; . 95 00 190-00 
Fuel, $5 to $15,_ : : ‘ t t ; : 500 15 00 
Washing, 30 to 60 cents per week, . : : a, LO. 22 nO 
Military suit, . ; : : : k : La SE ole) (EO AT) 
Expenses per year, : : : : ; . $231 15 $371 55 


Board in clubs has been about $2.45 per week; in private fami- 
lies, $4 to $5. The military suit must be obtained immediately 
upon entrance at college, and used in the drill exercises prescribed. 
The following fees will be charged for the maintenance of the 
several laboratories: chemical, $10 per term used; zodlogical, $4 
per term used; botanical, $1 per term used by sophomore class, 
$2 per term used by senior class; entomological, $2 per term 
used. Some expense will also be incurred for lights and text- 
books. Students whose homes are within the State of Massachu- 
setts can in most cases obtain a scholarship by applying to the 
senator of the district in which they live. 


THE LABOR FUND. 


The object of this fund is to assist those students who are 
dependent either wholly or in part on their own exertions, by fur- 
nishing them work in the several departments of the college. The 
greatest opportunity for such work is found in the agricultural and 
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horticultural departments. Application should be made to Profs. 
William P. Brooks and Samuel T. Maynard, respectively in charge 
of said departments. Students desiring to avail themselves of its 
benefits must bring a certificate signed by one of the selectmen of 
the town in which they are resident, certifying to the fact that they 
require aid. 


ROOMS. 


All students, except those living with parents or guardians, 
will be required to occupy rooms in the college dormitories. 

For the information of those desiring to carpet their rooms, the 
following measurements are given: in the new south dormitory the 
study rooms are about fifteen by fourteen feet, with a recess seven 
feet four inches by three feet; and the bedrooms are eleven feet 
two inches by eight feet five inches. This building is heated by 
steam. In the north dormitory the corner rooms are fourteen by 
fifteen feet, and the annexed bedrooms eight by ten feet. The 
inside rooms are thirteen and one-half by fourteen and one-half 
feet, and the bedrooms eight by eight feet. A coal stove is fur- 
nished with each room. Aside from this, all rooms are unfur- 
nished. Mr. Thomas Canavan has the general superintendence of © 
the dormitories, and all correspondence relative to the engaging of 
rooms should be with him. 


SCHOLARSHIPS. 


ESTABLISHED BY PRIVATE INDIVIDUALS. 


Mary Robinson Fund of one thousand dollars, the bequest of 
Miss Mary Robinson of Medfield. 

Whiting Street Fund of one thousand dollars, the bequest of 
Whiting Street, Esq., of Northampton. 

Henry Gassett Fund of one thousand dollars, the bequest of 
Henry Gassett, Esq., of North Weymouth. 7 

The income of the above funds is assigned by the faculty to 
worthy students requiring aid. 


CONGRESSIONAL SCHOLARSHIPS. 


The trustees voted in January, 1878, to establish one free 
scholarship for each of the congressional districts of the State. 
Application for such scholarships should be made to the repre- 
sentative from the district to which the applicant belongs. The 
selection for these scholarships will be determined as each member 
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of Congress may prefer; but, where several applications are sent 
in from the same district, a competitive examination would seem 
to be desirable. Applicants should be good scholars, of vigorous 
constitution, and should enter college with the intention of remain- 
ing through the course. 


StaTE SCHOLARSHIPS. 


The Legislature of 1883 passed the following resolve in favor 
of the Massachusetts Agricultural College : — 


Resolved, That there shall be paid annually, for the term of four years, 
from the treasury of the Commonwealth to the treasurer of the Massa- 
chusetts Agricultural College, the sum of ten thousand dollars, to enable 
the trustees of said college to provide for the students of said institution 
the theoretical and practical education required by its charter and the 
law of the United States relating thereto. 

Resolved, That annually, for the term of four years eighty free scholar- 
ships be and hereby are established at the Massachusetts Agricultural 
College, the same to be given by appointment to persons in this Com- 
monwealth. after a competitive examination, under rules prescribed by 
the president of the college, at such time and place as the senator then 
in office from each district shall designate; and the said scholarships 
shall be assigned equally to each senatorial district. But, if there shall 
be less than two successful applicants for scholarships from any sena- 
torial district, such scholarships may be distributed by the president of 
the college equally among the other districts. as nearly as possible; but 
no applicant shall be entitled to a scholarship unless he shall pass an 
examination in accordance with the rules to be established as herein- 
before provided. 


The Legislature of 1886 passed the following resolve, making 
perpetual the scholarships established : — 


Resolved, That annually the scholarships established by chapter forty- 
six of the resolves of the year eighteen hundred and eighty-three be 
given and continued in accordance with the provisions of said chapter. 


In accordance with these resolves, any one desiring admission to 
the college can apply to the senator of his district for a scholar- 


ship. Blank forms of application will be furnished by the presi- 
dent. : 


EQUIPMENT. 


AGRICULTURAL DEPARTMENT. 
The Farm. — Among the various means through which instruc- 
tion in agriculture is given, none exceeds in importance the farm. 
The part which is directly under the charge of the professor of 


50 AGRICULTURAL COLLEGE. [Jan. 


agriculture comprises about one hundred and fifty acres of im- 
proved land and thirty acres of woodland. Of the improved land, 
about thirty acres are kept permanently in grass. 

The rest of the farm is managed under a system of rotation, all 
parts being alternately in grass and hoed crops. All the ordinary 
crops of this section are grown, and many not usually seen upon 
Massachusetts farms find a place here. Our large stock of milch 
cows being fed almost entirely in the barn, fodder crops occupy a 
prominent place. Experiments of various kinds are continually 
under trial; and every plat is staked, and bears a label stating 
variety under cultivation, date of planting, and manures and fer- 
tilizers used. 

Methods of land improvement are constantly illustrated here, 
tile drainage especially receiving a large share of attention. There 
are now some nine miles of tile drains in successful and very sat- 
isfactory operation upon the farm. Methods of clearing land of 
stumps are also illustrated, a large amount of such work having 
been carried on during the last few years. 

In all the work of the farm the students are freely employed, 
and classes are frequently taken into the fields ; and to the lessons 
to be derived from these fields the students are constantly referred. 

The Barn and Stock. —Our commodious barns contain a large 
stock of milch cows, many of which are grades; but the following 
pure breeds are represented by good animals, viz., Holstein- 
Friesian, Ayrshire, Jersey, Guernsey, Aberdeen-Angus and Short- 
horn. Experiments in feeding for milk and butter are continually 
in progress. We have a fine flock of Southdown ‘sheep. Swine 
are represented by the Chester White, Poland China, Cheshire, 
Berkshire and Tamworth breeds. Besides work horses, we have a 
number of pure-bred Percherons, used for breeding as well as 
for work; and a fine pair of French Coach colts. 

The barn is a model of convenience and labor-saving arrange- 
ments. It illustrates different methods of fastening animals, 
various styles of mangers, watering devices, etc. Connected with 
it are commodious storage rooms for vehicles and machines. It 
contains silos and a granary. A very large share of the work is 
performed by students, and whenever points require illustration, 
classes are taken to it for that purpose. 

Dairy School. — Connecting with the barn is a wing providing 
accommodation for practical and educational work in dairying. 
The wing contains one room for heavy dairy machinery, another 
for lighter machinery, both large enough to accommodate various 
styles of all prominent machines; a large ice-house, a cold-storage 
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room and a room for raising cream by gravity methods, a class 
room and a laboratory. The power used is an electric motor. 
This department is steam heated and piped for hot and cold water 
and steam. In this department has been placed a full line of 
modern dairy machinery, so that we are able to illustrate all the 
various processes connected with the creaming of milk, its prepa- 
ration for market and the manufacture of butter. Special in- 
struction in such work is offered in the dairy course. 

Equipment of Farm. — Aside from machines and implements 
generally found upon farms, the more important of those used 
upon our farm and in our barn which it seems desirable to men- 
tion are the following: reversible sulky plough, broadcast fertilizer 
distributer, manure spreader, grain drill, horse corn planter, potato 
planter, wheelbarrow grass seeder, hay loader, potato digger and 
fodder cutter and crusher. It is our aim to try all novelties as 
they come out, and to illustrate everywhere the latest. and best 
methods of doing farm work. 

Lecture Room. — The agricultural lecture room in south college 
is well adapted to its uses. It is provided with numerous charts 
and lantern slides, illustrating the subjects taught. Connected 
with it are two small rooms at present used for the storage of 
illustrative material, which comprises soils in great variety, all 
important fertilizers and fertilizer materials, implements used in 
the agriculture of our own and other countries, and a collection of 
grasses and forage plants, grains, etc. 

A valuable addition to our resources consists of a full series 
of Landsberg’s models of animals. These are accurate models of 
selected animals of all the leading breeds of cattle, horses, sheep 
and swine, from one-sixth to full size, according to subject. We 
are provided with a complete collection of seeds of all our common 
grasses and the weeds which grow in mowings, and have also a 
large collection of the concentrated food stuffs. All these are 
continually used in illustration of subjects studied. 

Museum. — A beginning has been made towards accumulating 
materials for an agricultural museum. This is to contain the 
rocks from which soils have been derived, soils, fertilizer materials 
and manufactured fertilizers, seeds, plants and their products, 
stuffed animals, machines and implements. It is expected to 
make this collection of historical importance by including in it old 
types of machines and implements, earlier forms of breeds, etc. 
For lack of room the material thus far accumulated is stored in a 
number of scattered localities, and much of it where it cannot be 
satisfactorily exhibited. 
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BOTANICAL DEPARTMENT. 


Course of Study. — This department is well equipped to give a , 
comprehensive course in most of the subjects of botany. The 
course aims to treat of all the more important features connected 
with the study of plants which have a close bearing upon agri- 
culture, without at the same time deviating from a systematic and 
logical plan. Throughout the entire course the objective methods 
of teaching are followed, and the student is constantly furnished 
with an abundance of plant material for practical study, together 
with an elaborate series of preserved specimens for illustration 
and comparison. In the freshman year the study of structural 
and systematic botany is pursued, with some observation on insect 
fertilization. This is followed in the first term of the sophomore 
year by the systematic study of grasses, trees and shrubs, and this 
during the winter term by an investigation into the microscopic 
structure of the plant. The senior year is given up entirely to 
cryptogamic and physiological botany. This includes a study of 
our common plant diseases, and the simple functions of the plant 
which it is essential for the agriculturist to become familiar with. 

The Botanical Museum contains the Knowlton herbarium, of 
over ten thousand species of phanerogamous and the higher eryp- 
togamous plants; about five thousand species of fungi, and sey- 
eral collections of lichens and mosses, including those of Tucker- 
man, Frost, Denslow, Cummings, Muller and Schaerer. It also— 
contains a large collection of native woods, cut so as to show their 
individual structure ; numerous models of native fruits; specimens 
of abnormal and peculiar forms of stems, fruits, vegetables, ete. ; 
many interesting specimens of unnatural growths of trees and 
plants, natural grafts, etc.; together with models for illustrating 
the growth and structure of plants, and including a model of the 
squash which raised by the expansive force of its growing cells 
the enormous weight of five thousand pounds. 

The Botanical Lecture Room, in the same building, is provided 
with diagrams and charts of over three thousand figures, illustrat- 
ing structural, systematic and physiological botany. 

The Botanical Laboratory has provision for thirty-four students 
to work at one time. Each student is provided with a locker, 
wherein he can dispose of his equipment necessary for study. 
The laboratory is equipped with Leitz’, Reichert’s, Bausch and 
Lomb’s, Beck’s, Queen’s and Tolles’ compound microscopes, with — 
objectives varying from four inch to one-fifteenth inch focal length. 
It also contains four induction coils, including a Du Bois-Reymond 
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induction apparatus and rheocord, a Lippmann capillary electrom- 
eter, and various other forms of electrical appliances especially 
devised for studying the influence of electricity upon the growth 
of plants. There are also Thoma, Minot and Beck microtomes, 
a self-registering thermometer and hygrometer, a Wortmann im- 
proved clinostat and also one of special construction, an Arthur 
centrifugal apparatus with electric motor, various forms of self- 
registering appliances for registering the growth of plants, includ- 
ing a Pfeffer-Baranetsky electrical self-registering auxanometer, a 
Sach’s arc-auxanometer, a horizontal reading microscope (Pfeffer 
model), various kinds of dynamometers of special construction, 
respiration appliances, mercurial sap and vacuum gauges, manom- 
eters, gas and exhaust chambers, besides various other appliances 
_ for work and demonstration in plant physiology. The laboratory 
is also provided with an Eastman landscape camera, a Bausch 
and Lomb micro-photographic camera, and a dark closet equipped 
for photographic and other kinds of work. 


HORTICULTURAL DEPARTMENT. 


Greenhouses. —'To aid in the instruction in botany, as well as 
in floriculture and market gardening, the glass structures contain 
a large collection of plants of a botanic and economic value, as 
well as those grown for commercial purposes. They consist of 
two large octagons, forty by forty feet, with sides twelve feet 
high and a central portion over twenty feet high, for the growth 
of large specimens, like palms, tree ferns, the bamboo, banana, 
guava, olive, etc.; a moist stove twenty-five feet square; a dry 
stove of the same dimensions; a rose room, twenty-five by twenty 
feet; a room for aquatic plants, twenty by twenty-five feet; a 
room for ferns, mosses and orchids, eighteen by thirty feet; a 
large propagating house, fifty by twenty-four feet, fitted up with 
benches sufficient in number to accommodate fifty students at work 
at one time; a vegetable house, forty-two by thirty-two feet; a 
large propagating house, thirty-six by seventy-five feet, for the 
growing of carnations, violets and bedding plants; a cold grapery, 
eighteen by twenty-five feet. To these glass structures are at- 
tached three work rooms, equipped with all kinds of tools for 
greenhouse work. In building these houses as many as possible 
of the principles of construction, heating, ventilation, etc., have 
been incorporated for the purposes of instruction. 

Orchards. — These are extensive, and contain nearly all the 
valuable leading varieties, both old and new, of the large fruits, 
growing under various conditions of soil and exposure. 
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Small Fruits. —' The small-fruit plantations contain a large num- 
ber of varieties of each kind, especially the new and promising 
ones, which are compared with older sorts, in plots and in field 
culture. Methods of planting, pruning, training, cultivation, study 
of varieties, gathering, packing and shipping fruit, ete., are taught 
by field exercises, the students doing a large part of the work of 
the department. 

Nursery. — This contains more than five thousand trees, shrubs 
and vines in various stages of growth, where the different methods 
of propagation by cuttings, layers, budding, grafting, aii and 
training are practically taught to the students. 

Garden. — All kinds of garden and farm-garden crops are grown 
in this department, furnishing ample illustration of the treatment 
of market-garden crops. The income from the sales of trees, 
plants, flowers, fruit and vegetables aids materially in the support 
of the department, and furnishes illustrations of the methods of 
business, with which all students are expected to become familiar. 

Forestry. — Many kinds of trees suitable for forest planting are 
grown in the nursery, and plantations have been made upon the 
college grounds and upon private estates in the vicinity, affording 
good examples of this most important subject. A large forest 
grove is connected with this department, where the methods of 
pruning trees and the management and preservation of forests can 
be illustrated. In the museum and lecture room are collections of 
native woods, showing their natural condition and peculiarities ; 
and there have been lately added the prepared wood sections of 
R. B. Hough, mounted on cards for class-room illustration. 

Ornamental trees, shrubs and flowering plants are grouped about 
the grounds in such a way as to afford as much instruction as pos- 
sible in the art of landscape gardening. All these, as well as the 
varieties of large and small fruits, are marked with conspicuous 
labels, giving their common and Latin names, for the benefit of 
the students and the public. 

Tool House. — A tool house, thirty by eighty feet, has been ~ 
constructed, containing a general store-room for keeping small 
tools; a repair shop with forge, anvil and work-bench; and a car- 
penter shop equipped with a large Sloyd bench and full set of 
tools. Under one-half of this building is a cellar for storing fruit 
and vegetables. In the loft is a chamber, thirty by eighty feet, 
for keeping hot-bed sashes, shutters, mats, berry crates, baskets 
and other materials when not in use. 

Connected with the stable is a cold-storage room, with an ice- 
chamber over it, for preserving fruit, while the main cellar under- 
neath the stable is devoted to the keeping of vegetables. 
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All the low land south of the greenhouses has been thoroughly 
underdrained and put into condition for the production of any gar- 
den or small fruit crop. 


DEPARTMENT OF ZOOLOGY. 


The work in this department begins in the winter term of the 
sophomore year with human anatomy and physiology, the study of 
which not only serves as an introduction to zodlogy and veterinary 
science, but also gives the student a knowledge of the structure 
and uses of the different organs of the human body and the laws 
of health. In the fall and winter terms the meinbers of the junior 
class take zodlogy, which is taught by means of lectures and 
laboratory work. In the laboratory each student is required to 
dissect and study a series of typical animals, making drawings of 
the various organs. During the spring term of this year a course 
of lectures is given on insects in general, their classification and 
habits and the various methods of destroying those that are injuri- 
ous, and more or less time in this connection is devoted to labora- 
tory and field work. 

There is a most excellent and carefully arranged museum con- 
nected with this department, in which are exhibited, as far as 
possible, all the native animals of this Commonwealth, together 
with such species from other parts of the world as are necessary 
to give completeness or for the instruction of the students. This 
museum furnishes specimens for illustration in the lectures before 
the classes, and also for general information to visitors as well as 
members of the college. 

During the senior year such members of this class as elect 
advanced entomology take a course of more technical lectures, 
in which the following subjects relating to insects are considered 
quite at length: external and internal anatomy, embryology, trans- 
formations, duration of life, luminosity of insects, the color of 
insects, parasitic insects, diseases of insects, number of insects 
in existence, geographical and geological distribution of insects, 
insect architecture, fertilization of plants by insects, economic 
entomology, bee-keeping and the literature of insects. The labo- 
ratory work of this year consists in part of dissections of the 
caterpillar, pupa and imago stages of insects, and a critical study 
of the external anatomy of species of each of the orders of 
insects, followed by the exercise of determining a group of insects 
in each order; and, finally, each student is required to prepare a 
thesis on some insect or group of insects pertaining to the busi- 
ness in which he intends to engage. He is asked at the beginning 
of the year what business he intends to follow after graduation, 
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and is then advised to prepare his thesis on those insects with 
which he will most have to deal in the business he has selected. 
In the preparation of this thesis the work is earried on in the 
most approved methods, so that he may obtain the most scientific 
and at the same time practical knowledge of the subject; in fact, 
the is taught such methods of investigation that, if new insee 
pests appear on his crops, he will know how to properly investi- 
gate them and discover the best and cheapest methods for their 
destruction. If this thesis when completed contains information 
- of public interest, whether of an economic character or otherwise, 
it is published, with whatever illustrations are necessary. 

This course is primarily for the student of agriculture or horti- 
culture, but, when taken in connection with botany and chemistry, 
is especially adapted to one wishing to fit himself as a teacher of 
science in our public schools, or to one intending to study medi- 
cine, but in this case his laboratory work would be devoted mainly 
to histology. 

This department is now prepared for and is receiving graduates 
from tbis. and other colleges, who wish to continue the study of 
entomology beyond what they were able in their undergraduate 
course. These advanced studies will fit them for positions in the 
experiment stations or as State entomologists, and also give them 
most excellent training as teachers in our high schools and colleges. 


VETERINARY DEPARTMENT. 


This department is well equipped with the apparatus necessary 
to illustrate the subject in the class room. . 

It consists of an improved Auzoux model of the horse, imported 
from Paris, constructed so as to separate and show in detail the 
shape, size, structure and relations of the different parts of the 
body ; two papier-maché models of the hind legs of the horse, 
showing diseases of the soft tissues, — wind-galls, bog spavins, 
etc., also the diseases of the bone tissues, — splints, spavins and 
ringbones ; two models of the foot, one according to Bracy Clark’s 
description, the other showing the Charlier method of shoeing and 
the general anatomy of the foot; a full-sized model of the bones 
of the hind leg, giving shape, size and position of each individual 
bone; thirty-one full-sized models of the jaws and teeth of the 
horse and fourteen of the ox, showing the changes which take 
place in these organs as the animals advance in age. 

There is an articulated skeleton of the famous stallion, Black- 
hawk, a disarticulated one of a thoroughbred mare, besides one 
each of the cow, sheep, pig and dog; two prepared dissections of 
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the fore and hind legs of the horse, showing position and relation 
of the soft tissues to the bones; a papier-maché model of the 
uterus of the mare and of the pig; a gravid uterus of the cow; a 
wax model of the uterus, placenta and fceetus of the sheep; show- 
ing the position of the fetus and the attachment of the placenta 
to the walls of the uterus. 

In addition to the above there is a growing collection of patho- 
logical specimens of both the soft and osseous tissues, and many 
parasites common to the domestic animals. A collection of charts 
and diagrams especially prepared for the college is used in con- 
nection with lectures upon the subject of anatomy, parturition and 
conformation of animals. 

Through the kindness of Mr. Henry Adams of Amherst the de- 
partment has received a large sample collection of the various drugs 
used in the treatment of the diseases of the domestic animals. 

For the benefit of the students, sick or diseased animals are 
frequently shown them, and operations performed in connection 
with the class-room work. For the use of the instructor of this 
department a laboratory has been provided in the old chapel 
building. It has been equipped with the apparatus necessary 
for the study of histology, pathology and bacteriology, consisting 
in part of four improved Zeiss microscopes with one-eighteenth 
and one-twelfth inch oil immersion objectives, together with the 
lower powers ; a Lautenschlager’s incubator and hot-air sterilizer ; 
an Arnold’s steam sterilizer and a Bausch and Lomb improved lab- 
oratory microtome. This apparatus is used for the preparation of 
material for the class room and for general investigation. 


MATHEMATICAL DEPARTMENT. 


At first glance it might appear that mathematics would play a 
very small part in the curriculum of an agricultural college, and, 
while it is true that its chief object is of a supplementary nature, 
it is equally true that, entirely aside from its value as a means of 
mental discipline, mathematics has a well-defined and practical 
object to accomplish. In this day of scientific experiment, ob- 
servation and research on the farm, the advantages of a thorough 
knowledge of the more elementary branches of mathematics, gen- 
eral physics and engineering must be more than ever apparent; 
and it is to meet the needs of the agricultural college student in 
these lines that the work in the mathematical department has 
been planned. 

The mathematics of the freshman, sophomore and junior years 
are required, those of the senior year elective. 
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A glance at the schedule of studies will show the sequence of 
subjects: book-keeping, algebra, geometry and mechanical draw- 
ing in the freshman year; trigonometry, mechanical drawing and 
plane surveying — the latter embracing lectures and field work in 
elementary engineering, the use of instruments, computation of 
areas, levelling, etc.—in the sophomore year; general physics 
with work in laboratory — including mechanics, electricity, sound, 
light and heat —and descriptive geometry or advanced mechanical 
drawing in the junior year; and, finally, two electives in the 
senior year, — mathematics and engineering, respectively.* 

The mathematical option includes the following subjects: fall 
term, plane analytic geometry, embracing a study of the equations 
and properties of the point, line and circle, and of the parabola, 
ellipse and hyperbola; winter term, differential calculus; and 
summer term, integral calculus. 

‘The senior engineering option is designed to give to the student 
the necessary engineering training to enable him to take up and 
‘apply, on the lines of landscape engineering and the development 
of property, his knowledge of landscape gardening, agriculture, 
forestry, botany and horticulture. It embraces a course of 
lectures, recitations and field work on the following subjects : 
topography, railroad curves, earth work, construction and main- 
tenance of roads, water works and sewerage systems, elementary 
structures, elementary mechanism, etc. 

It is believed that the engineering elective will equip the student 
to enter a comparatively new field, that of landscape engineering, 
which is coming more and more prominently before the public 
attention; for, with the increasing consideration which is being 
paid to the public health and the development and beautifying of 
our towns and cities, come fresh needs and opportunities. 


CHEMICAL DEPARTMENT. 

Instruction in general agricultural and analytical chemistry and 
mineralogy is given in the laboratory building. Thirteen com- 
modious rooms, well lighted, ventilated and properly fitted, are 
occupied by the chemical department. | 

The lecture room, on the second floor, has ample seating capacity 
for seventy students. Immediately adjoining it are four smaller 
rooms, which serve for storing apparatus and preparing material 
for the lecture table. 


* While these two electives are entirely distinct, the student electing engineering is 
strongly advised to elect mathematics also. 


a 
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The laboratory for beginners is a capacious room on the first 
floor. It is furnished with forty working tables. Each table is 
provided with sets of wet and dry re-agents, a fume chamber, 
water, gas, drawer and locker, and apparatus sufficient to render 
the student independent of carelessness or accident on the part 
of others working near by; thus equipped, each worker has the 
opportunity, under the direction of an instructor, of repeating 
the processes which he has previously studied in the lecture room, 
and of carrying out at will any tests which his own observation 
may suggest. 

A systematic study of the properties of elementary matter is here 
taken up, then the study of the simpler combinations of the elements 
and their artificial preparation; then follows qualitative analysis of 
salts, minerals, soils, fertilizers, animal and vegetable products. 

The laboratory for advanced students has tables for thirty work- 
ers, with adequate apparatus. This is for instruction in the chem- 
istry of various manufacturing industries, especially those of 
agricultural interest, as the production of sugar, starch, fibres and 
dairy products; the preparation of plant and animal foods, their 
digestion, assimilation and economic use; the official analysis of 
fertilizers, fodders and foods; the analysis of soils and waters, of 
milk, urine and other animal and vegetable products. 

The balance room has four balances and improved apparatus for 
determining densities of solids, liquids and gases. 

Apparatus and Collections. — Large purchases of apparatus 
require to be made. Deficiencies caused by the wear and break- 
age of several years need to be supplied and the original outfit 
increased. ‘The apparatus includes balances, a microscope, spectro- 
scope, polariscope, photometer, barometer and numerous models 
and sets of apparatus. The various rooms are furnished with an 
extensive collection of industrial charts. A valuable and growing - 
collection of specimens and samples, fitted to illustrate different 
subjects taught, is also provided. This includes rocks, minerals, 
soils, raw and manufactured fertilizers, foods, including milling 
products, fibres and other vegetable and animal products and arti- 
ficial preparations of mineral and organic compounds. Series of 
preparations are used for illustrating the various stages of different 
manufactures from raw materials to finished products. 


LIBRARY. 
This now numbers 18,497 volumes, having been increased during 
the year, by gift and purchase, 687 volumes. It is placed in the 
lower hall of the chapel-library building, and is made available to 
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the general student for reference or investigation. It is especially 
valuable as a library of reference, and no pains will be spared to 
make it complete in the departments of agriculture, horticulture, 
botany and the natural sciences. It is open a portion of each day 
for consultation, and an hour every evening for the drawing of 
books. 


PRIZES. 


BuRNHAM RHETORICAL PRIZES. 


These prizes are awarded for excellence in declamation, and are 
open to competition, under certain restrictions, to members of the 
sophomore and freshman classes. 


FLiInt PRIZES. 


Mr. Charles L. Flint of the class of 1881 has established two 
prizes, one of thirty dollars and another of twenty dollars, to be 
awarded, at an appointed time during commencement week, to the 
two members of the junior class who may produce the best orations. 
Excellence in both composition and delivery is considered in mak- 
ing the award. 


GRINNELL AGRICULTURAL PRIZES. 


Hon. William Claflin of Boston has given the sum of one 
thousand dollars for the endowment of a first and second prize, to 
be called the Grinnell agricultural prizes, in honor of George B. 
Grinnell, Esq., of New York. These two prizes are to be paid 
in cash to those two members of the graduating class who may 
pass the best written and oral examination in theoretical and 
practical agriculture. 


Hitits BoTranicAL PRIZES. 


For the best herbarium collected by a member of the class of 
1898 fifteen dollars is offered, and for the second best a prize of 
ten dollars; also a prize of five dollars for the best collection 
of dried plants from the college farm. 


The prizes in 1897 were awarded as follows : — 

Burnham Rhetorical Prizes: Edwin M. Wright (1899), first; 
Warren E. Hinds (1899), second; Allen L. March (1900), first ; 
Francis G. Stanley (1900), second. 

Flint Oratorical Prizes: Randall D. Warden (1898), first; 
John P. Nickerson (1898), second. 
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Grinnell Agricultural Prizes: Liberty L. Cheney (1897), first; 
Philip H. Smith, Jr. (1897), second. 

Hills Botanical Prizes: John M. Barry (1897), first; Clayton 
F. Palmer (1897), second. 

Prize in Drawing, given by William H. Armstrong, 799; 
Edwin K. Atkins (1900). 

Senior Prizes, given by Charles S. Crocker, ’89, and Henry L. 
Russell, 90; best thesis, James L. Bartlett; best appearance, 
Charles I. Goessmann. 


RELIGIOUS SERVICES. 


Students are required to attend prayers every week-day at 
8 a.m. and public worship in the chapel every Sunday at 10.30 
A.M. Further opportunities for moral and religious culture are 
afforded by a Bible class taught by one of the professors during 
the hour preceding the Sunday morning service and by religious 
meetings held on Sunday afternoon and during the week, under 
the auspices of the College Young Men’s Christian Association. 


LOCATION. 


Amherst is on the New London Northern Railroad, connecting 
at Palmer with the Boston & Albany Railroad, and at Miller’s 
Falls with the Fitchburg Railroad. It is also on the Central 
Massachusetts Railroad, connecting at Northampton with the 
Connecticut River Railroad and with the New Haven & North- 
ampton Railroad. . 

The college buildings are on a healthful site, commanding one 
of the finest views in New England. The large farm of three 
hundred and eighty-three acres, with its varied surface and native 
forests, gives the student the freedom and quiet of a country 
home. 
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REPORTS. 


GIFTS. 


From MAssacuHusETts SOCIETY FOR PROMOTING AGRICULTURE, one 
hundred dollars to be distributed in prizes in the Dairy 
School. 

J. D. W. Frencu of Boston, seven volumes Hough’s ‘‘ Ameri- 
can Woods.” 

JOHN A. Courter (M. A. C., ’82) of New York, forty-five 
volumes medical works. 

FREDERICK W. Morris (M. A. C., ’72) of New York, forty- 
four volumes miscellaneous works. 

CREAMERY PackAGE MAnvuFacturinG Co., of Chicago, IIl., 
Disbrow combined churn and butter worker. 

F. B. Farco & Co. of Lake Mills, Wis., Fargo combined 
churn and butter worker. 

I. S. Jonnson & Co. of Boston, two large cans Sheridan’s 
condition powders. 

L. H. Reep of Grand Rapids, Mich., seed of Panicum crus- 
galli gigantic. 

Rogers & Hupsparp Company of Middletown, Conn., one 
hundred pounds raw knuckle bone flour. 

BRADLEY FERTILIZER Company of Boston, two hundred pounds 
extract fine-ground South Carolina rock, five hundred 
pounds soft Florida rock, two hundred pounds hard Florida 
rock, two hundred pounds dissolved bone meal, one hun- 
dred pounds steamed bone meal and two hundred pounds 
acid phosphate. 

BARTELEDES & Co. of Lawrence, Kansas, seed of Idaho field 
pea, white Kaffir corn, red Kaffir corn, black chaff Kaffir 
corn or African millet, yellow millo maize, black rice corn, 
Jerusalem corn, brown Dourha, Brazilian stooling flour 

* corn. 

Unirep StaTEs DEPARTMENT OF AGRICULTURE Of Washington, 
D.C., seed of many varieties of grasses and alfalfa. 

Hersert Myrick (M. A. C., 82) of Springfield, ‘‘ Sugar, a 
New and Profitable Industry in the United States.” 
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From Samvuet B. Green (M. A. C., ’79) of St. Anthony Park, 
Minn., ‘* Vegetable Gardening.” 

Hersert S. Carrutu (M. A.C., ’75) of Ashmont, ‘‘ George 
Washington;” ‘* True George Washington.” 

Hon. Grorce F. Hoar of Washington, D.C., fifteen volumes 
government reports. 

J. Wi1LLaRD Brown of Boston, ‘‘ Signal Corps of the United 
States in the War of the Rebellion.’ 

Joun F. WINCHESTER (M. A. C., ’75) of Lawrence, ‘‘ Bovine 
Diphtheria.” 

RiEHLE Co. of Pennsylvania, ‘* Digest of Physical Tests.” 

James C. Hovucuron of Montpelier, Vt., ‘‘Cambridge of 
1896.” 

Cuares I. Goussmann (M. A. C., 97) of Amherst, ‘‘ Intro- 
duction to General Chemistry ;”’ ‘‘ True Atomic Weight of 
the Chemical Elements; ” ‘‘ Literary History of the Ameri- 
can Revolution.” 

Miss Erranor A. Ormerop of Spring Grove, England, 
‘¢ Twentieth Report of Observations on Injurious Insects.” 

JOSEPH E. Ponp, Esq., of North Attleborough, four volumes 
bee journals. 

Witiiam H. Catpwett (M. A. C., 87) of Peterboro, N.H., 
‘¢Herd Register American Guernsey Cattle Club.” 

Cuares L. Frint (M. A. C., 81) of Brookline, ‘‘ Reports 
Boston Transit Commission.” 
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TREASURER’S REPORT. 


Report of Grorcre F. Mitts, Treasurer of Massachusetts Agricult- 
ural College, from Jan. 1, 1897, to Jan. 1, 1898. 


Received. | Paid. 


Cash on hand Jan. 1, 1897, . : ‘ : $4,309 98 

State treasurer, ; ‘ : : : 15,333 33 - 
Term bill, ; : : ; : , 3,213 48 $757 28 
Salary, . : : 250 00 | 26,987 40 
Horticultural department, : ‘ ; 4,495 85 6,366 70 
Farm, . ‘ ‘ : 5,810 00 | 11,352 98 
Expense, . , ; : : : : : 1,410 00 9,163 19 
Endowment find, . 3 : : ; ‘ 11,791 97 - 
State scholarship nd, : ‘ ; 15,000 00 = 
Labor fund, . : ; : 5,000 00 5,849 65 
Botanical laboratory, : : : ; 65 00 48 46 
Chemical laboratory, . : 585 04 478 17 
Entomological laboratory, . - 30 00 5 76 
Zoological laboratory, . : 32 00 45 95 
Grinnell prize fund, ‘ ; ; ! ; 40 00 35 00 
Gassett scholarship fund, i : : ; 42 50 80 00 
Whiting street fund, : : : : ; 51 05 30 00 
Mary Robinson fund, . , : ; : 38 84 55 00 
Burnham ey fund, . : : ; 129 04 80 00 
Hills fund, . ; ‘ ‘ ; 306 16 292 36 
Library fund, . : : : : : 421 98 221 06 
Extra instruction, . : : : : : - 288 00 
Advertising, . : ‘ ; : - 677 38 
Dairy school, . : : : : : : 558 78 1,241 58 
Electric equipment, : 5 - : , 754 92 3,132 33 
Insurance, : ‘ ~ 478 57 
Investment, N.Y.C. GH.R.R. B., : 4 00 

Burnham peraency fund, . : 2,000 00 - 
Cash on hand Jan. 1, 1898, . : : - - 4,054 10 


$71,720 92 | $71,720 92 


— 


This is to certify that I have this day examined the accounts;of George F. Mills, 
treasurer of Massachusetts Agricultural College, from Jan. 1, 1897, to Jan. 1, 1898, 
and find the same correct, properly kept, and all disbursements vouched for, the 
balance in the treasury being four thousand and fifty-four dollars and ten cents 
($4,054.10), which sum is shown to be in the hands of the treasurer. 


CHARLES A. GLEASON, Auditor. 
AMHERST, Dec. 27, 1897. 
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CASH BALANCE, AS SHOWN BY THE TREASURER’S STATEMENT, BE- 
LONGS TO THE FOLLOWING ACCOUNTS: 


Hills fund, $254 14 
Burnham emergency oe 49 04 
Grinnell prize fund, 25 00 
Gassett scholarship fund, 23 52 
Whiting Street fund, 10 46 
Mary Robinson fund, 4 76 
General fund of the college, 3,687 18 
$4,054 10 
BILLS RECEIVABLE JAN. 1, 1898. 
Term bill, $737 14 
Horticultural dopetanene, 335 34 
Farm, 898 22 
Expense, . 69 02 
Labor fund, 7 23 
Electric equipment, . 145 95 
Botanical laboratory, 32 50 
Chemical laboratory, 294 00 
Entomological laboratory, , , 6 00 
Zoological laboratory, . . 68 00 
$2,593 40 
BILLS PAYABLE JAN. 1, 1898. 
Term bill, - $43 23 
Horticultural fepatinent 438 44 
Farm, 2,405 24 
Expense, . 567 69 
Chemical hee 89 08 
Zoological laboratory, 27 45 
Hills fund, 45 81 
Insurance, - 18 00 
$3,634 94 
INVENTORY — REAL ESTATE. 
Land (Estimated Value). 
College farm, ‘ - : $37,000 00 
Pelham quarry, 500 00 
Bangs place, 1,750 00 
Clark place, 4,500 00 
—— $43,750 00 
Rae ges Value). 
Drill hall, $5,000 00 
Powder house, 75 00 
Gun shed, 1,500 00 
Stone chapel, 30,000 00 
South dormitory, 35,000 00 
— 71,575 00 


Amount carried forward, 


$115,325 00 
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Amount brought forward, 


North dormitory, 

Chemical laboratory, 

Entomological laboratory, 

Farm house, 

Horse barn, : 

Farm barn and dairy ey , 

Graves house and barn, 

Boarding house, 

Botanic museum, 

Botanic barn, . 

Tool house, 

Durfee plant house oad faite) 

Small plant house, with vegetable cellar and 
cold grapery, 

President’s house, 

Dwelling houses, purchased ath Seat, 


Electric equipment, . 
Electric supplies, : 
Rey. C.@ H.R. R. R. stock, 
Botanical department, 
Horticultural department, 
Farm, . : é 
Chemical Me owsiar Bh tye 
Botanical laboratory, . . 
Zoological laboratory, 
Natural history collection, 
Veterinary department, . 
Physics and mathematics, 
Agricultural department, 
Library, . 

Fire apparatus, 

Furniture, 

Books in treasurer’s ‘Offibe. 
Tools and lumber, 


SUMMARY. 
Assets. 
Total value of real estate, per inventory, 


PERSONAL PROPERTY. 


INO. OL. 


$25,000 00 
8,000 00 
3,000 00 
2,000 00 
5,000 00 

33,000 00 
2,500 00 
2,000 00 
5,000 00 
2,900 00 
2,000 00 
13,000 00 


4,700 00 
6,500 00 
5,000 00 


119,700 


69 


$115,325 00 


00 


$235,025 


$6,000 
88 

100 
3,610 
8,668 
15,933 
1,986 
2,056 


1,894 7 


6,278 
1,615 
4,513 
3,267 
18,050 
665 


$74,728 


. $235,025 


Total value of personal property, per inventory, . 


Bills receivable, ‘ 


Liabilities. 
Bills payable, . 


74,728 
2,593 


a 


$312,346 
3,644 


00 


00 
59 
00 


09 


00 
09 
40 


49 
94 


$308,711 55 
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MAINTENANCE FUND, 


Technical educational fund, United States 
grant, . : : . $219,000 00 
Technical Beaton | me State othine : 141,575 35 


$360,575 35 


Two-thirds of the income from these funds is paid to the 
treasurer of the college and one-third to the Institute of 
Technology. Amount received by the ee treasurer 
from Jan. 1, 1897, to Jan. 1, 1898, _.. , . 

Morrill fund, in accordance with act of CE approved 
Aug. 30, 1890. Amount received in 1897, . ‘ 

Hills fund, the gift of Messrs. L. M. and H. F. Hills a Am- 
herst, now amounts to $8,542. By conditions of the gift the 
income is used for the maintenance of a botanic es 
Income from Jan. 1, 1897, to Jan. 1, 1898, . ? - 

Annual State appropriation, $10,000. This sum was ae 
priated for four years by the Legislature of 1889, con- 
tinued for another four years by the Legislature of 1892, 
and again by the Legislature of 1896, for the endowment 
of additional chairs of instruction and for general expense. 
Five thousand dollars of this sum was set apart as a labor 
fund, to be used in payment of labor performed by needy 
and worthy students. Amount received from annual State 


[Jan. 


» $11,791, 97 


15,333 33 


306 16 


appropriation for college expense from Jan. 1, 1897, to 


Jan. 1, 1898, : ¢ : ‘ ‘ ‘ : 
Amount received as labor fund, 


SCHOLARSHIP FUNDS. 


State scholarship fund, $10,000. This sum was appropriated 
by the Legislature of 1896, and is paid to the college 
treasurer in quarterly payments. Amount received from 
Jan. 1, 1897, to Jan. 1, 1898, : 

Whiting Street fund, $1,000. This fund is a peanee wither. 
conditions. To it was added, by vote of the trustees, in 
January, 1887, interest accrued on the bequest, $260. 
Amount of the fund Jan. 1, 1897, $1,260. Income from 
Jan. 1, 1897, to Jan. 1, 1898, . : 

Gassett scholarship fund, $1,000. This sum was erred as a 
‘scholarship by Hon. Henry Gassett. Income from Jan. 1, 
1897, to Jan. 1, 1898, 

Mary Robinson fund, $858. This al was ee en witheat 
conditions. The income from it has been appropriated 
for scholarships to needy and worthy students. Income 
from Jan. 1, 1897, to Jan. 1, 1898, 


Amount carried forward, . sen aie . 7 


5,000 00 
5,000 00 


10,000 00 


51 05 


42 50 


. $47,610 85 
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Amount brought forward, , 3 ; : ; . $47,610 85 


PRIZE FUNDS. 


Grinnell prize fund, $1,000. This fund is the gift of Ex-Gov. 
William Claflin, and is called Grinnell fund in honor of 
his friend, George B. Grinnell, Esq. ‘The income from it 
is appropriated for two prizes to be given to the two mem- 
bers of the graduating class who pass the best examina- ~ 
tion in agriculture. Income from Jan. 1, 1897, to Jan. 1, 
Iovo,, : : : : : : ; : : : 40 00 


MISCELLANEOUS FUNDS. 


Library fund for the benefit of the library. Amount of fund, 
Jan. 1, 1898, $10,046.12. 
Burnham emergency fund, $5,000. This fund is a bequest of 
Mr. T. O. H. P. Burnham, late of Boston, and was made 
without conditions. The trustees have voted that this 
fund be kept intact, and that the income from it be used 
by the trustees for such purposes as they believe to be for 
the best interests of the college. Income from Jan. 1, 
1897, to Jan. 1, 1898, . : E é : ; ; 129 04 


Income from Jan. 1, 1897, to Jan 1,1898, . : é . $47,779 89 


To this sum should be added amount of tuition and room rent and re- 
ceipts from sales from farm and from botanic gardens. These amounts 
can be learned from treasurer’s statement, tuition and room rent being 
included in term bill account. 
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REPORT OF THE PRESIDENT OF THE MASSACHUSETTS AGRICULTURAL 
CoLLEGE TO THE SECRETARY OF AGRICULTURE AND THE 
SECRETARY OF THE INTERIOR, AS REQUIRED BY ACT OF Con- 
GRESS OF AuG. 30, 1890, In AID or COLLEGES OF AGRI- 
CULTURE AND THE Mecuanic Arts. 


I. Condition and Progress of the Institution, Year ended June 30, 
1897. 

The college has begun to recover from the effects of the hard 
times experienced during the past two years, and it is evident, 
from the improved tone and numbers in the entering classes, that 
the tide has passed its ebb and begun to flow back. In the regular - 
course descriptive geometry has been dropped, and practical work 
in laboratory physics substituted. In the elective studies, courses 
in geology and modern history are offered. The dairy and short 
winter courses were opened for the first time this year, seventeen 
availing. themselves of their advantages. The twenty acres pur- 
chased by the State and added to the college domain have been 
utilized by the horticultural department, and the ground broken up 
and prepared for orchards and nurseries. 

This year closes the thirtieth of the existence of the college. 
Excluding those at present pursuing their studies, 1,093 have been 
admitted to its benefits. Of these, 1,001 are living, distributed 
as follows: 5038 in agriculture and the mechanic arts, 498 in busi- 
ness and the various professions in life. 


II. Receipts for and during the Year ended June 30, 1897 . 


1. Balance on hand July 1, 1896, . ; : ; : : $578 96: 
2. State aid: (a) Income from endowment, ; : . 98,820 23. 
(6) Appropriations for ae or other spe- : 
cial purposes, : é . 12,000 00 
(c) Appropriation for Saitoun expenses . 15,000 00 
3. Federal aid: (a) Income from land grant, act of July 2, 
1862, . 7,300 00: 
(6) For experiment weunine! a of Marek 
ZlSShen ye : 15,000 00 
(c) Additional ballon act of pee 30, 
1890, : : : . 14,666 66. 
4, Fees and all other sources, ‘ ; ; : ; . 8,000 00 


— ee 


Total receipts, . : ; ‘ , ; ‘ . $71,365 85- 


a 
ny 
— 


! 
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III, Expenditures for and during the Year ended June 30, 1897. 
1. Instruction in the subjects specified in section 1, act of 


Aug. 30, 1890, ; - , - $23,000 00 
2. Instruction in all other ieee if any, not menaced 
in Question 1 of this series, : ‘ 1,000 00 


3. Administrative expenses (president’s, sececearyee. fain ) 
urer’s, librarian’s salary, clerical service, fuel, lights, ‘ 


a : ‘ : : ‘ ; : : 7,000 00 
4, Experiment Station, ‘ ‘ : : : : : » 15,000 00 
Total expenditures, . : ; : { , - $46,500 00 


IV. Property, Year ended June 30, 1897. 


Value of buildings, \ : ? ‘ : : 2 . $189,275 00 
Value of other equipment, . , : . $73,872 78 
Value of above property not used for ae in the aie 

jects specified in section 1 of act of Aug. 30, 1890, . . $102,275 00 
Total number of acres, . : . : : : : : 404 
Acres under cultivation, . ‘ ‘ : ; } : ¢ 260 
Acres used for experiment, . ; d ; ; ‘ : 60 
Value of farm lands, . , : : i ‘ : - $45,000 00 
Amount of all endowment funds, . : ‘ ; . $360,575 35 
Number of bound volumes in library, . ; : é : 18,080 


Number of pamphlets, . ; : : . : ; : des 


V. Faculty during the Year ended June 30, 1897. 


Male. Female. 


1. College of Agriculture and Mechanic Arts, collegiate 


and special classes, : ; : ; Ais 8) ~ 
2. Number of staff of a paraubat Station, : : oi2l i 
‘Total, counting none twice, _.. : : : - an “i 

VI. Students during the Year ended June 30, 1897. 

1. College of Agriculture and Mechanic Arts, collegiate and 
special classes, . : : : ; : : avin 12g 
2. Graduate courses, . ‘ : : : q : ; : 4 
Total, counting none twice, ; : ; ‘ 132 
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FARM REPORT. 


The farm operations of the past year have followed the general 
lines of the past few years. ‘The work has been mainly confined 
to the cultivation and securing of our usual crops, and the caring 
for our rapidly increasing herd. 

The peculiarities of the past season have rendered the results 
less satisfactory than usual. The four months, May, June, July 
and August, brought a total of about thirty-seven inches rainfall, 
about twenty-two inches coming in the months of June and July 
and nearly fifteen inches in the single month July. 

This excessive rainfall largely increased the cost of caring for 
our field crops and securing the hay. It greatly decreased the 
yield of corn, ruined completely fields of carrots and mangels, 
caused a considerable portion of the potatoes upon about one-half 
our total area to rot, and decreased materially our crops of millet 
and soya beans. On the other hand, it gave us a large rowen 
crop, which serves in part to offset the losses in other directions. 

The number of acres in the various crops of the year were as 
follows: hay, 78; corn for the silo and for fodder, 234; field 
corn, 7; potatoes, 12; oats and pease, 1; soya beans, 3; Japanese 
barn-yard millet, 43; beets, 4; carrots, 1 ; celery, 14; and turnips 
as a second crop, 12. 

The several fields and products were as follows : — 

Hay. — Old fields (between college buildings and the county 
road, and including building site of old barn and farm-house), 42 
acres: hay, 55 tons, 156 pounds; rowen, 36 tons, 1,289 pounds; 
total, 91 tons, 1,445 pounds, an average per acre of 2 tons, 368 
pounds; fields where grass is grown in rotation, 36 acres: hay, 110 
tons, 1,687 pounds; rowen, 34 tons, 1,800 pounds; total, 145 
tons, 1,487 pounds, average per acre, 4 tons, 98 pounds. ‘The 
total hay and rowen crops amount to 237 tons, 952 pounds, an 
average of a little over 3 tons per acre for the entire farm. 

Corn for the Silo. — South flat, 154 acres: 230 tons; north flat, 
7 acres: 57 tons. 
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Field Corn. — South flat, 7 acres: grain, 281 bushels; stover, 
94 tons. Fodder put into the silo: 5 tons. 
_ Potatoes.— Hatch slope, 6 acres : marketable tubers, 903 bushels ; 
south flat, 6 acres: marketable tubers, 463 bushels. 

Japanese Barn- Yurd Millet. — North flat, 44 acres: 29.7 tons. 

Soya Beans. — North flat, 3 acres: 172 tons. 

Oats and Vetch. — North flat, 1 acre: 124 tons. 

Carrots. —One acre: failure on account of weather, and 
ploughed up. 

Mangels. — One-half acre: failure on account of weather, and 
ploughed up. 

Turnips as a Second Crop.— One and five-sixths acres: 405 
bushels. 

Celery. — North flat, 14 acres: crop estimated to be worth $400. 

The system of manuring followed with the several crops is 
shown in the following table: — 


Application per Acre. 


$ Oe 
ee |) mse 
& Biol oe 11S 
Set oie | Bese 
Bro. bine Nay a ee = 
° (2S o ct a o 3S . S 
| a Siga2 Ss q latices Pe 
a lot joel 2° &| sh aes 
MS) 2 6 |S] 38 a Es) o| @ 
Oo} Fy mw 1O Or Foe | a) aS 
Manure (cords), . - 5 - - 4 al 3 16 
Nitrate of soda (pounds),. c ~ -| 150 | 100 | 240 | 120 | 250 | 175 | 200° - 450 
Plain superphosphate (pounds), . _ - | 200 | 400 | 400 | 400 | 150 | 300 | 250 550 
South Carolina rock phosphate (pounds), - - - = - - | 200 - - 
Dried blood (pounds), - 5 “ : - -| 100; 50 - - - - 250 
Tankage (pounds), . 5 A 5 : - - | 240 | 120 - - | 150 ~ 400 
Bone meal (pounds),. 4 “ : ‘ - - - - - - | 175 ~ - 
Muriate of potash (pounds), . “ - | 140 - - | 300 | 100 | 250 - 350 
High-grade sulphate of potash (pounds), = - | 250 | 250 - - - | 250 350 
Armour’s fertilizer (pounds), . . f - ~ ~ ~ - - - - | 2,000 


Corn for the Silo. —Our principal field of ensilage corn was 
planted upon land most of which was tile-drained about six years 
ago. ‘The soil was heavy, and the care of the crop was rendered 
very expensive on account of the frequent and heavy rains. The 
total area of this field is 154 acres. The total labor cost (crop in 
the silo) was $342. One-half the manure and three-fourths of 
the fertilizer used are charged to the crop, at $190. The product, 
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230 tons, is valued at $805 in the silo, leaving the balance of 
$273 in favor of the crop. The average yield per acre was 15 
tons. A small portion of this field which was not tile-drained 
furnished a most instructive object lesson. This portion of the 
field was not originally wetter than other portions. The crop, 
however, upon this part of the field was at the rate of only 4 tons 
per acre. ‘The variety of corn cultivated in this field was the 
Leaming Field. , 

Field Corn. — The area devoted to this crop comprised 7 acres 
in the large field known as the south flat. The land had produced 
corn the previous year. This portion of the field is not tile- 
drained. It apparently needed this improvement much less than 
other parts of the field, but the past season has given us so much 
rain that the crop of corn this year was seriously injured. Upon 
a portion of the field it was so poor that it was cut and put into 
the silo, 5 tons of fodder being secured. The balance of the 
field gave us 281 bushels of grain, an average of about 40 bushels 
per acre, which is not much more than one-half our usual crop. 
The crop is to be charged with manure and fertilizer to the 
amount of $102, and labor $155.13, —a total cost of $257.13. 
The crop is worth about $200, leaving a balance of about $57 
against the crop. 

Potatoes. —Of the total area of 12 acres, one-half had a 
thoroughly drained medium loam and gave a fair crop. This 
portion of our potato land produced grass and clover in 1896. 
It is to be charged with fertilizer, $62.46 (three-fourths of the 
total used); seed, $42; Paris green, $2.56; labor, $201. The 
crop was dug before the vines were dead, and the work was done 
by hand. We obtained 903 bushels of marketable potatoes, 
which sold at 80 cents per bushel, amounting to $722.40, leaving 
a balance in favor of the crop of $414.38. The other 6 acres of 
potato land was upon soil which suffered from the excessive rain- 
fall. One-half this land was in onions in 1896 and the balance in 
root crops. The fertilizer used is charged against the crop at 
$28.80; seed, $42; Paris green, $2.52; labor, $183.91; total, 
$257.23. A portion of the crop, as it was found to be rotting, 
was dug early by hand and disposed of at once; but the greater 
part of the field was left until the rotting had ceased, when it was 
dug by machine. That part of the field dug as soon as the rot 
was noticed gave a larger yield than the portion which was 
allowed to remain. The total yield of the 6 acres was only 
463 bushels of sound, marketable tubers. ‘These were sold for 
$372.40, leaving a balance in favor of the crop of $113.17. 


— 
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Soya Beans. — These were grown on the north flat, occupying 
land that produced potatoes in 1896. The crop suffered seriously 
from the unfavorable season. The yield was only 172 tons of 
green fodder, most of which was put into the silo. The crop is 
charged for manure and fertilizer, $66.35; for labor, $55.95; a 
total of $122.30, leaving a balance against the crop of $51.90. 

Japanese Millet. — Four and one-half acres of the’ barn-yard 
variety of Japanese millet were grown upon the north flat. The 
crop is charged for manure and fertilizer, $24.45; for labor, 
$51.25; a total of $75.70. The crop was cut green and put into 
the silo,-two parts of this millet to one of soya beans. The yield 
of millet was 297 tons, estimated to be worth in the silo $89.90, 
leaving a balance of $13.40 in favor of the crop. 

Oats and Pease. — This crop occupied 1 acre on the north flat, 
and was grown at a cost for manure and fertilizers of $16.30 and 
labor $14.67; a total of $30.97. The yield was 124 tons of 
fodder, which was fed green. ‘This was estimated at $3 per ton, 
giving a total value of $37.50; leaving a balance of $6.53 in 
favor of the crop. ! 

Celery. —This crop occupied 14 acres upon the north flat. The 
total cost of producing it and putting into the pit that portion not 
marketed from the field was $216. The crop is charged with 
manures and fertilizers, $71.75; labor, $144.25 (the last item 
including harvesting and preparing for market of the Dwarf Paris 
Golden variety, which was grown between the rows of the Pascal 
variety). The Dwarf Paris Golden was of fairly good quality, but 
sold at a low price, bringing in only $100. The Pascal celery 
was of remarkably fine quality, and is now about ready for market. 
It is estimated to be worth about $300, thus making the total 
probable returns from the field about $400.° 


Live STockK. 


Horses. — Our horses and colts have all gone through the year 
in perfect health. We now own the following animals: Perch- 
erons, 1 stallion, 1 mare and 1 stallion colt; Percherons three- 
quarters blood, 2 mares; Percheron one-half blood, 1 mare; 
French Coach, 1 stallion colt, 1 mare colt; ordinary work horses, 
1 stallion, 2 geldings, 2 mares; total, 13. 

Neat Cattle. — Shorthorn, 1 male and 1 female; Ayrshire, 2 
males, 2 females ; Holstein-Friesian, 1 male, 2 females ; Guernsey, 
1 male, 2 females; Aberdeen-Angus, 1 female; grade Hereford, 
1 female; Dakota cows and heifers, 39; grades (Jersey, Guern- 
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sey, Holstein-Friesian, Ayrshire and Shorthorn), 2-year-old, 7 
females; 1-year-old, 18 females; grade (Jersey and Guernsey) 
cows, 17; grade Hereford, 1 heifer; total 101. 

Southdown Sheep. — Thirty-one breeding ewes, 4 ewe lambs, 1 
breeding buck, 1 yearling buck, 3 buck lambs; total, 40. 

Swine. — Tamworth, 1 boar, 1 sow, 5 pigs; Chester White, 1 
boar, 1 sow; Cheshire, 1 boar; Berkshire, 1 boar, 1 sow; Poland- 
China, 1 sow; Berkshire and Poland-China, cross-bred, 6 pigs, 2 
fat hogs; Chester White and Cheshire, cross-bred, 2 fat hogs; 
common stock, 11 pigs; total, 34. 

The general health of the cattle, sheep and swine has been good 
throughout the year and the breeding increase satisfactory. 


IMPROVEMENTS. 


The chief improvement of the year has been the moving and 
fitting up for a quarantine stable of the sheep shed formerly con- 
nected with the State Experiment Station barn. This shed is about 
twenty by forty feet, and has been moved to the foot of the Hatch 
slope and joined to the quarantine sheds which we already had 
there. It has been conveniently fitted up to accommodate fifteen 
COWS. 

The roads, bridges and drains of the farm have required an 
unusual amount of attention, on account of the excessively heavy 
rains. The roads have been badly washed and gullied, bridges 
have been washed out, streams have made for themselves new 
courses, and numerous breaks and washouts have occurred in the 
lines of drains. The repairing of damages of this description has 
involved much work and considerable expense. 3 

No extensive land improvements have been made during the 
year. 


CasH RECEIPTS OF THE YEAR. 


The total receipts for the year for products sold and labor per- 
formed amounted on December 10 to $5,775.06. The leading 
items were the following: milk and cream, $2,664.44; potatoes, 
$865.27; hay, $518.82; beef, $250.10; live stock, $227.75; 
labor, $191.73; and celery, $149.97. There is now due to the 
farm for products sold to date this year $902.18, making a total 
of receipts of $6,677.24. 

In conclusion, I desire to testify to the continued faithful ser- 
vices of the farm superintendent, Mr. E. A. Jones. Amid cir- 
cumstances in many respects ditficult and in my absence during the © 
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greater part of the year, he has devoted himself, with an eye single 
to its interests, to the management of the farm. In a season when 
on every hand farmers abandoned crops, leaving fields to grow to 
weeds, he has given all fields clean culture, and succeeded in most 
instances in securing fair crops where others failed. 


WM. P. BROOKS, 
Professor of Agriculture. 
AMHERST, Dec. 24, 1897. 
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MILITARY DEPARTMENT. 


AMHERST, Mass., Dec. 20, 1897. 


To President H. H. GOODELL, Massachusetis Agricultural College. 

Sir : —In compliance with instructions from your office, I have 
the honor to submit the annual report of the military department 
of the college for the year 1897. 

The organization of the battalion last year was faulty in that 
the officers were more numerous than the number of privates war- 
ranted, with the result that there was little interest taken in the 
drill. At the commencement of the fall term the cadets were 
reorganized, with a cadet major, cadet adjutant, cadet sergeant 
major, cadet quartermaster sergeant, a drum and trumpet corps 
and two companies of thirty-five privates and non-commissioned 
officers each. The effects of this step are seen in the increased 
interest of the cadet officers and efficiency of the battalion. 

Drills commenced on September 13, and have been held on 
Monday, Tuesday and Thursday of each week. 

The seniors have received instruction in signalling with flag and 
heliograph, and, with one exception, are proficient. 

The juniors and sophomores have been instructing the freshmen 
in squad drill, and the sophomores have received some instruction 
in target practice at one, two, three and four hundred yards. 

Companies have been drilled by their company officers under 
my supervision, and a good knowledge of company drill has 
been obtained up to platoon movements. ‘The battalion is well 
instructed in the new manual of arms, as modified by the War 
Department, for the Springfield rifle, and is also very efficient in 
the bayonet exercise. 

The attendance at drill has been very good. ‘The average of 
daily absentees for this fall term is 3.7, against 5 for the same 
time last year. 

The drum corps is efficient and interested in its work, but the 
trumpet corps is not up to a proper standard, owing to lack of 
proper instruction. I recommend that a good drum and trumpet 
instructor be engaged to give instruction in the field music once a 
week during the winter term. 
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The dormitories are in better condition than last year. North 
college has been provided with a bath-room and lavatories, which 
makes the building much more comfortable and convenient. I 
recommend that the painting of the bath-rooms and lavatories in 
south college be completed. This work was commenced about a 
year ago, and has never been finished. The place needs painting 
very much, and should not be left half done. 

It would be economy to give the drill hall a thorough painting 
on the outside, and I renew my recommendations of last year 
relative to making the present armory a locker room where the 
students can keep their athletic clothes and equipments. The gun 
shed would be suitable for an armory and gun shed combined. 

The college fire department has been reorganized and partially 
re-equipped, and is in efficient condition. The new water system 
of the college gives excellent fire protection. 

The new target pit and butt is entirely satisfactory, and affords 
ample protection to the cadets working there. 

The following three members of the class of ’97 were reported 
to the Adjutant-General of the Army and the Adjutant-General 
of the State of Massachusetts as having shown the greatest pro- 
ficiency in the art and science of war: — 


Cadet First Lieutenant and Adjutant, G. D. LEAVENS. 
Cadet First Lieutenant and Fire Marshal, : H. J. ARMSTRONG 
Cadet Second Lieutenant, H. F. ALLEN. 


The following is a list of the United States property now on 
hand : — 
Ordnance. 


2 3.2-inch B. L. field guns. 
2 8-inch mortars, with implements. 
2 gun carriages 
2 gun caissons with spare wheels. 
2 mortar beds 
147 Springfield cadet rifles. 
147 sets in infantry accoutrements. 
51 headless shell extractors. 
4,250 metallic ball cartridges. 
2 mortar platforms. 
2,0C0 pasters. 
75 paper targets. 
30,000 cartridge primers. 
20,000 round balls. 
1 set reloading tools. 
75 pounds small arms powder 
2 sets implements and equipments for 3.2-inch B. L. field guns. 
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Signal. 
2 heliographs, complete. 
6 2-foot white flags. 
6 2-foot red flags. 
6 canvas cases and straps. 
12 joints of staff. 


The following are the officers of the battalion : — 


Commandant. | 
First Lieut.W. M. WRIGHT, ; . Second U. S. Infantry. 


Field and Staff. 


Cadet Major, $e Sy tledccbpinduscanialle ret) 2 2a a eee 

Cadet Adjutant, . ‘ . : : . . W.S. FISHER. 
Company A. 

Cadet Captain, . . . ; : . A. MONTGOMERY, Jr. 

Cadet First lietkonent: : , ‘ ‘ . od. P. NICKERSON. © 

Cadet Second Lieutenant, . j : ; . C.G. CLARK. 
Company B. 


Cadet Captain, : ‘ i : « GEE Wricut. 
Cadet First eee le i ; Oy ata . C, N. BAXTER. 
Cadet Second Lieutenant, J.S 


Respectfully submitted, 


WM. MASON WRIGHT, 
First Lieutenant Second U. S. Infantry. 


THE PTEROPHORIDA OF NORTH AMERICA. 


C. H. FERNALD, A.M., PH.D. 


MASSACHUSETTS AGRICULTURAL COLLEGE. 


JANUARY, 1898. 
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fee FE TEROPHORIDA OF NORTH 
7 AMERICA. 


The species of moths taken up in this work are known by the 
common names of plume-moths and feather-wings. They have 
been studied but very little, and our knowledge of the early stages 
and habits of a large proportion of our native American species is 
very imperfect, but it is hoped that our entomologists will give 
more attention to them hereafter. 


GEOGRAPHICAL DISTRIBUTION. 


The Pterophoride are distributed very widely over the globe, 
but appear to be most numerous in the temperate regions, par- 
ticularly in Europe, North America and Australia; yet, when 
other parts of the globe have been as carefully explored, it is 
probable that many additional species will be discovered, and that 
they may be more evenly distributed than at present appears to be 
the case. 

GEOLOGICAL DISTRIBUTION. 

I am indebted to Mr. 8S. H. Scudder, our highest authority on 
fossil insects, for the information that no Pterophoride have yet 
been recognized among the fossils, not even in amber. 


Economic ImMporTANCE. 
A few species of the Pterophoridze are injurious to plants of 
economic importance, and the larve of several others feed on 
plants raised for ornamental purposes or for flowers. 


NATURAL ENEMIES. 


While it is probable that the species of this family are preyed 
upon not only by insect enemies but also by birds, yet I have 
been able to find but few recorded observations with regard to 
them. Ashmead has described Pimpla pterophori and Limneria 
pterophore from Pterophorids in California, and the latter species 
has also been taken in Texas. Prof. Kellicott bred Ichnewmon 
humilis Prov. from Platyptilia carduidactyla. 
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HIstTory. 


Linnzeus, in the tenth edition of his ‘‘Systema Nature,” Vol. 
1, page 542, published in 1758, established the genus Alwcita for 
the plume-moths with the following six species under it in order: 
monodactyla, didactyla, tridactyla, tetradactyla, pentadactyla and 
hexadactyla, — all placed under the heading Atucira. Some of 
these insects had been figured and described more or less fully by | 
authors previous to the time of Linnzus, as Aldrovandus, 1602; 
Madam Merian, 1679; Petiver, 1702; Ray, 1710; Frisch, 1721; 
Reaumur, 1736; and Rosel, 1746; but, as Linnzus in the above 
work first consistently used the binomial nomenclature, it has been 
decided almost universally by zodlogists to adopt this edition 
of the ‘‘Systema Nature” as the starting-point in zodlogical 
nomenclature. 

In 1761, Poda published his ‘‘ Insecta Musei Graecencis,”’ in 
which, on page 94, he adopted the generic name Alucitau with 
pentadactyla L. the only species under it, and this species is there- 
fore regarded as the type of the genus Alucita by Lord Walsing- 
ham and other eminent authorities. Geoffroy, in 1762, published 
the first edition of his ‘* Histoire abrégée des Insectes,” in two 
volumes. In the second volume this author, rejecting the genus 
Alucita of Linnzus, established the genus Pterophorus, a name 
which he stated was given to these insects by some naturalist in 
former times, and placed under it pentadactyla L. didactyla L. and 
hexadactyla L. From his description of didactyla, there can be no 
doubt that, instead of this species, he had monodactyla L. before 
him, and therefore we must consider didactyla Geoff. the same as 
monodactyla L. As Poda had already used pentadactyla as the 
type of Alucita, only the species monodactyla L. and heaadactyla 
L. could be considered as belonging under Pterophorus. 

Scopoli, in his ‘‘ Entomologia Carniolica,” published in 1762, 
gives five species of plume-moths under Phaleena, which he ap- 
pears to have used in a generic sense. In 1775, Fabricius, in his 
‘¢ Systema Entomologie,” page 667, very improperly made use of 
the genus Alucita for xylostella L. and nineteen other Tineids, and 
followed Geoffroy in using Pterophorus for the plume-moths. 
This use of these generic names he continued through all his writ- 
ings. The authors of the ‘‘Systematische Verzeichniss der Sch- 
metterlinge der Wienergegend,” 1776, page 144, adopted the genus 
Alucita in the strict Linnzean sense. 

Latreille, in his ‘‘ Precis des Caracteres generique des Insectes,” 
published in 1796, page 148, separated hexadactyla from the group 


1898. | PUBLIC DOCUMENT — No. 31. 87 


and’ established for it the genus Orneodes, but retained the rest of 
the plume-moths under Pterophorus. Latreille repeated this use 
of these generic names in his ‘‘ Histoire naturelle des Crustaces et 
Insectes,” Vol. XIV., page 255 (1805), and used the generic name 
Alucita in the Fabrician sense. This action of Latreille in remov- 
ing hexadactylus from Pterophorus left only the species monodacty- 
lus L. under it which must now be regarded-as the type, while 
Orneodes must be recognized with hexadactyla L. as the type. 

In 1806 Hubner ‘published his ‘‘ Tentamen,”’ in which these in- 
sects are placed in Phalanx 9; Alucite, in Tribus 1: indubitate. 
There are two divisions under this, the first of which is Ptero- 
phoree with Pterophora pentadactyla, and the second is Ripidophoree 
with Ripidophora hexadactyla. 'The ‘‘'Tentamen”’ has caused a 
great deal of controversy as to whether it was a true publication, 
and whether its generic names should be recognized. No question 
can arise in case of the plume-moths, as Poda had long before 
adopted pentadactyla as the type of Alucita, and Latreille had 
very properly separated hexadactyla from the group and established 
for it the genus Orneodes. Schrank, in the second part of Vol. II. 
of his ‘‘ Fauna Boica” (1802), page 139, adopted the Linnean 
genus Alucita for these insects. 

In 1811 Haworth published the third part of his ‘* Lepidoptera 
Britannica,” in which he adopted the genus Alucita in the Linnean 
sense for the plume-moths. In 1815, Leach published his article 
‘¢ Entomology ”’ in the *¢‘ Edinburgh Encyclopedia,” in which, un- 
der Tribe VII, Alucitides, the genus Pterophorus Geoff. is adopted 
with pentadactylus and didactylus under it, and the genus Alucita 
with hexadactyla under it. In 1819 Samoulle published his ‘‘ En- 
tomologist’s Useful Compendium,” in which he adopted the classi- 
fication of Leach. 

Hubner, in his ‘ Verzeichniss bekannter Schmetterlinge,”’ 
adopted the term Alucitee for his ninth phalanx, the plume-moths. 
This part of the ‘* Verzeichniss ’ was published between Aug. 27, 
1825, and the time of Hiubner’s death, which occurred Sept. 13, 
1826. This author divided these insects into three tribes: the 
first including those with unfissured wings, for which he estab- 
lished the genus Agdistis; the second with those having one fis- 
sure in the fore wings and two in the hind wings. This tribe was 
further divided into two families, each containing two genera. The 
first family, Obtusz, contained the genera Platyptilia and Am- 
blyptilia, and the second family, Cuspides, contained the genera 
Stenoptilia and Aciptilia. The third tribe included those species 
in which each wing is divided into six parts, and these were all 
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placed under the genus Huchiradia, which is of course synony- 
mous with Orneodes. 

In 1827 Curtis published Vol. IV. of his ‘* British Entomology,” 
in which he adopted the genus Plerophorus and names pentadactyla 
L. as the type. In Vol. X. of the same work (1833), he estab- 
lished the genus Adactylus with adactyla Hub. for the type. In 
Vol. XV., published in 1838, he adopted the genus Alucita and 
named hevadactyla as the type. Curtis, in 1829, in his ‘* Guide 
to an arrangement of the British insects,” had taken the genus 
Adactylus for the species with undivided wings, Alucita for ‘+ hea- 
adactyla and its allies” and Pterophorus for the remainder. In 
the same year Stephens published his ‘‘ Catalogue of British in- 
sects,” in which he adopted the genus Agdistis Hib. for the spe- 
cies with undivided wings, and Pterophorus and Alucita in the 
same sense as Curtis had used them. This same classification 
was used by Stephens in 1834, in his ‘Illustrations of British 
Entomology.” 

Treitschke, in Vol. IX., Part 2, of his ‘*Schmetterlinge von 
Europa,” published in 18338, adopted the generic name Alucita for 
the species placed by Stephens under Agdistis and Pterophorus, 
while he used Orneodes for hexadactylus and its allies. In 1836, 
Duponchel, in his ‘‘ Histoire naturelle des Lepidopteres,” Vol. [X., 
adopted the classification of Latreille, but in his ‘‘ Catalogue 
Methodique,”’ published in 1844, he used the genus Adactyla Zell. 
for hibnerit Curt., Orneodes, for hexadactyla and its allies, and 
Pterophorus for the remaining species. Westwood, in Vol. I. of 
his ‘‘ Classification of insects,” page 115, published in 1839, 
adopted the classification of Stephens. 

Zeller, in 1841, published his monograph of the plume-moths 
in ‘‘Isis,” Vol. X. This author adopted the name Pterophoride 
for the group, and divided them into the Pterophoride proprii, and 
Alucitina. Under the first division he established the genus Adac- 
tyla, apparently unconscious of the fact that Curtis had already 
used the same name. Under this same division Zeller adopted the 
genus Pterophorus Geoff., which he divided into groups or sub- 
genera as follows: Platyptilus (Platyptilia Hib.), Oxyptilus (Am- 
blyptilia Hib.) , Pterophorus (Stenoptilia Hib.) , Aciptilus (Aciptilia 
Hib.). The division Alucitina contained the genus Alucita with 
hexadactyla and allies under it. In 1852, Zeller published his 
‘s Revision of the Pterophoride”’ in ‘‘ Linnea Entomologia,” Vol. 
VI., page 319, in which he sinks his genus Adactyla and adopts 
Hibner’s Agdistis, and established the genus Deuterocopus for the 
species tengstreemi of Java. 
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In 1840, Zetterstedt, in his ‘‘ Insecta Laponica,”’ placed all his 
plume-moths under the genus Alucita, but in a note refers to Or- 
neodes hexadactyla indicating his adoption of this generic name. 
Herrich-Scheffer, in his ‘‘ Schmetterlinge von Europa,” Vol. V., 
published in 1853-55, follows the classification of Zeller. Stain- 
ton, in his ‘‘ Manual of British Butterflies and Moths” (1859), 
adopted the generic name Adactyla for bennetii, Pterophorus for 
rhododactylus and its allies and Alucita for polydactyla. 

In 1859, Wallengren published his work on the Scandinavian 
plume-moths, which, like Zeller’s works, marked an era in the 
classification of these insects. Wallengren followed Zeller in 
dividing them into the Pterophoride and Alucitina, under the first 
of which he established four new genera, and used, in addition to 
these, five genera established by earlier authors. Under Alucitina 
he adopted the genus Alucita for hexadactyla. 

In 1864, Walker published Part 30 of his ‘‘ List of the Lepi- 
dopterous Insects in the British Museum,” in which he refers to all 
the described species of the plume-moths, and added thirty-five 
new species and two new genera founded on new species from 
Ega, South America. In this work Walker followed the classifi- 
cation of Zeller. 

In 1869, Dr. Jordan, in the ‘‘ Entomologist’s Monthly Maga- 
zine,” Vol. VI., pages 119 and 149, gave a review of Wallengren’s 
work, referred to above, which contains valuable information. 
Mr. South has given a most interesting and valuable series of 
illustrated papers on the early stages, habits and food plants of 
the British plume-moths in the ‘‘ Entomologist,” Vol. XIV. and 
following volumes. Tutt’s ‘‘ Monograph of the Pterophorina of 
Britain” is also a valuable paper on the British plume-moths. In 
1877, Dr. Wocke, in ‘*‘ Die Schmetterlinge Deutschlands und der 
Schweiz,” Vol. II., Part 2, followed very closely the classification 
of Wallengren. In 1886, Leech, in his ‘‘ British Pyralides,” in- 
cluding the Pterophoridz published in 1886, uses the super family 
Pterophori with the families Pterophoridce and Alucitidcee under it. 

Meyrick, in his paper ‘‘ On the Classification of the Pyralidina 
of the European Fauna,” published in 1890, in the ‘* Transactions 
of the Entomological Society of London,” placed these insects as 
families under the super family Pyralidina. Mr. Meyrick had 
already made critical studies on these insects in his researches on 
. the Lepidoptera of Australia and New Zealand and in the paper 
above referred to he gave most excellent characters to the families 
and genera. He adopted the family names Pterophoride and Or- 
neodide with the genus Orneodes under the last for hexadactyla 
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and its allies. In his ‘‘ Handbook of British Lepidoptera” 
(1895), Meyrick retains substantially the same classification. 
The latest and one of the most valuable works that I have seen is 
‘¢ Die deutschen Pterophoriden” by Dr. O. Hofmann (1895). 
In this work we are given for the first time a very good account 
of the genitalia, and all stages are described in full so far as 
known. 

The first writer on the North American plume-moths, so far as 
I am able to learn, was Fitch, in his first ‘‘ Report on the Insects 
of New York,” page 145 (1856), where he published eight 
species, placing them under the genus Pterophorus. In 1864, 
Walker published two species from this country under the same 
genus, in the ‘‘ Catalogue of the Lepidoptera Heterocera,”’ Part 30, 
page 940. In 1869, Riley, in his first ‘‘ Report on the Insects of 
Missouri,” published one new species and gave a more complete 
description of one of the species of Fitch. In 1873, Packard 
described three species from California under the genus Ptero- 
phorus, in the ‘* Annals of the Lyceum of Natural History,” Vol. 
X., page 265. In the same year Zeller, in his ‘‘ Beitrage,” de- 
scribed six new species of the North American plume-moths, and 
in the same paper established a new genus (Scoptonoma) with two 
new species from Texas. ‘This genus, however, proved to be the 
same as Lineodes of Guenee, a Pyralid genus. The next year 
Zeller described his Leioptilus Mathewianus in his ‘‘ Lepidoptera 
der Westkuste Amerika’s,” page 23. Chambers published Ptero- 
phorus lacteodactylus in the ‘‘ Canadian Entomologist,” Vol. V., 
page 265 (1873). 

The most important contribution to our knowledge of the North 
American species of these insects was given by Lord Walsingham 
in his ‘* Pterophoridz of California and Oregon,” published in 
1880. This work contains full descriptions of forty-one species, 
many of them here published for the first time, and all of the 
species are illustrated in colors. Lord Walsingham was so gener- 
ous as to give me co-types of nearly all of his species. In this same 
year Miss Murtfeldt described two new species with their early 
stages in the ‘*‘ American Entomologist,”’ Vol. III., page 235. In 
1881, Mr. Charles Fish described ten species of these moths in the 
‘¢ Canadian Entomologist,” Vol. XIII., pages 70 and 140. This 
gentleman made extensive studies of the Pterophoride, and 
secured the types of Fitch’s species and all of his notes on them; . 
but, having abandoned the work because of other engagements, I 
obtained his entire collection of these insects, including all of his 
own types as well as those of Fitch. Valuable notes by other 
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writers have also been made, which will be referred to under the 
various species on following pages. 


STRUCTURE. 


The Pterophoride are small, slim insects, with long, slender 
legs and long, narrow fore wings, cut by a fissure extending in 
from the middle of the outer margin between veins 4 and 7, from 
a fourth to one-half of the length of the wing (plates II. and III.). 
The parts on each side of the fissure are called lobes, the anterior 
one being called the first lobe and the other the second lobe. In 
some of the genera these lobes are narrow and pointed, while in 
others they are well developed and present two well-marked angles 
on each, which are called the apex and anal angle (Plate II., fig. 
1). The normal number of veins in the fore wings is twelve, but 
this number is reduced in many of the species. Vein 1 is feebly 
forked at the base, at least in some of the species, and the cross 
vein and veins 5 and 6 are very weak, often entirely invisible; 5 
and 6 at equal distances from each other and from 4 and 7, ex- 
tending to the fissure which ends between them. Veins 8 and 9 
are stalked and 10 sometimes arises from the same stalk, but is 
occasionally wanting. 

The hind wings have two fissures, the first extending in from 
the outer margin between veins 4 and 7 to about the middle of the 
wing; the second, between the inner margin veins and vein 2, 
extends to about the basal fourth. These divisions are called 
feathers, the anterior one being called the first feather, the middle 
one the second feather and the posterior one the third feather 
(Plate II., fig. 2). 

The first feather in some species is somewhat spoon-shaped, 
rounded at the outer end, widest near the middle and narrower 
near the base. The costal vein bends down near the middle of its 
course, approaching very near to the subcostal. The costal vein 
ends in the costa when this feather tapers gradually to a point and 
vein 7 ends in the point. When this feather is broad at the outer 
end and has two angles corresponding to the apex and anal angle, 
the costal vein usually ends in the apex and vein 7 in the anal 
angle. ‘The frenulum is single in the male and divided in the 
female. 

The second feather in some species is widest towards the outer 
end, which is very oblique, but in others it is of the same form as 
the third feather. ‘The median vein runs into this feather, giving 
off vein 2 which ends in the hind margin, vein 3 which ends in the 
anal angle of this feather and vein 4 which ends in the apex. In 
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the narrow, tapering forms vein 4 is wanting and 3 runs to the 
end of the feather. ‘The cross vein and also veins 5 and 6 are 
exceedingly fine and scarcely visible under the most favorable 
circumstances. 

The third feather tapers gradually to the more or less blunt 
outer end, but in some species it has a very obtuse and rounded 
angle on its hind margin, which represents the anal angle of the 
wing (Plate II., fig. 2). This feather has a strong vein running 
through the middle to the end, which is undoubtedly vein 1b. In 
some species a weak vein may be seen above lying very near the 
edge of the feather, and in others a shorter vein below running to 
the hind margin of the feather a little beyond the anal angle. 
This, without doubt, is vein la, and therefore the three internal 
veins are represented in the Pterophoridz, but all three do not 
occur in any one species. 

The fringes are long and arranged along both sides of the 
feathers, giving them a strong resemblance to the feathers of a 
bird, thus making more complete organs of flight. In some 
species there are clusters of dark spatulate scales in the hind 
fringe of the third feather, and similar scales occur along the 
median vein on the under side of the wing. The basal part of 
the median vein on the upper side of the hind wings is not pro- 
vided with a row of fine hairs, as in some families of moths. 

The head is of medium size, with the front smooth and vertical 
in some species but more or less conical in others. The labial 
palpi are either porrect or curved upward and closely scaled, or 
more or less bushy. ‘The maxillary palpi are entirely wanting. 
The proboscis is about as long as the head and thorax, and not 
clothed with scales at the base. The eyes are nearly hemi- 
spherical, naked and without lashes or cilia. The ocelli are absent. 
The scales of the head lie smooth over the surface, giving it an 
even appearance; but in some species they form a more or less 
cone-shaped tuft, extending forward from the front. The antenne 
are fine filiform, and about two-thirds as long as the costa of the 
fore wings. The basal segment is much larger than those beyond, 
and covered with scales which sometimes form a pointed tuft at 
the end. The remaining segments are finely ciliated, those in the 
males being stronger than in the females. 

The thorax is of medium size, and its covering of scales smooth 
without any indication of tufts or other characters. The tegulz 
are of medium length, without long scales, hairs or other unusual 
characters. The abdomen is long and slim, of nearly uniform size 
throughout in the male, but somewhat fusiform in the female. 
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The genitalia of the male consist of a pair of long, comparatively 
thin and broad exserted claspers and a prominent uncus. 

The legs are long and slim with cylindrical segments, except the 
femora, which are somewhat compressed. The coxze are about as 
long as the thorax and stouter than the remaining segments of the 
legs. The fore tibiz have a tibial epiphysis on the inside near the 
end, the middle tibize have a pair of unequal spurs at the end, 
while the hind tibiz have a pair of unequal spurs at the end and a 
similar pair at the outer third. The tarsi consist of five segments 
with a pair of claws at the end. There are no spines on any of 
the segments of the legs, but they are covered by scales that lie 
smooth and close to the surface. In some species, however, the 
scales are raised, forming an enlarged ring around the middle and 
hind legs at the base of the spurs, and a similar ring occurs around 
the end of the fore tibie. In one species (monodactylus) there is 
a small tuft of scales on the hind tibiz, opposite and within the 
middle spurs (Plate I., figs. 11, 12). This character is very use- 
ful in determining this exceedingly variable and common species. 

The ground color of the Pterophoride is generally white, yellow- 
ish white or some shade of brown, occasionally without darker 
markings, though the fore wings most frequently have a dark tri- 
angular spot resting on the costa and extending down to a point 
just within the end of the fissure. One or two light lines cross the 
lobes obliquely, and there is a dark spot on the cell a little before 
the middle of the wing and another on the fold still nearer the base 
of the wing. The hind wings are of one uniform color, and seldom 
have spots or lines of other colors. 


HABITS. 


The usual time of flight is on warm, calm evenings, when they 
are occasionally attracted to light and rarely to sugar. They may, 
however, be easily ‘‘ flushed ”’ in the day time from the shrubbery, 
when they fly a short distance and alight. When at rest they hold 
their wings nearly horizontal and at right angles with the body, 
but the feathers of the hind wings are folded over each other and 
drawn under the fore wings. 


EARLY STAGES. 


I am not aware that anything is known of the egg-stage of any 
of our North American plume-moths, and if any thing has been 
published on this stage, I have overlooked it. In the European 
Species, so far as I have seen any descriptions, they are more or 
less oval in outline, smooth and of a pale-green color. 
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The larve are short and stout, pale green, with longitudinal 
stripes of other colors in some species, and one or more coarse or 
fine hairs arise from tubercles on the segments. The pup are 
formed above ground, and attached by the anal extremity. Some 
species are hairy, while others are naked; and they sometimes 
have a pair of prominent tubercles arising from the back. 

It is not known positively whether any of our North American 
species have more than one generation in a season; but so little 
is known about them that we cannot speak with any certainty on 
this point. Acanthodactyla and monodactyla are said to have two 
generations in a year in Europe, and very likely this is true here, 
at least in some parts of the country. 


SYSTEMATIC POSITION. 


Linnzeus placed these insects at the end of the Lepidoptera, 
after the Tineina, and he was followed by later writers till a little 
more than twenty-five years ago, when it began to dawn upon 
those who were working upon these insects that they were out of 
place. At first the matter was talked over, but it was some time 
before any one seemed to be willing to express such an apparent 
heterodox opinion in print. Dr. Jordan, however, in 1869 (Ent. 
Mon. Mag., Vol. VI., p. 152), expressed the opinion that these 
insects form ‘‘an aberrant group of the Pyralide.” A few years 
ago, entomologists, both in this country and England, in making 
critical studies on the early stages as well as on the imago of the 
Lepidoptera, quite revolutionized the order, not only with regard 
to the position of the families, but also with regard to the names. 
I am heartily in sympathy with this movement, and, if I do not 
always adopt the changes at once, it is because I have not had time 
to study them carefully and convince myself that they are right. 

The genus Chrysocorys has been placed among the Pterophoridz 
by several of the English entomologists, and Zeller established the 
genus Scoptonoma for two Texan species, placing it in this family ; 
but this genus is identical with Lineodes Guen., which both he 
and Lederer very properly placed among the Pyralids. If these 
two genera be removed, we have rather a compact group, which 
may be placed in the vicinity of the Pyralids, in my opinion. 


CHARACTERS OF THE PTEROPHORIDS. 


Long, slim insects, with long legs. Fore wings usually with 
one fissure and hind wings with two. The North American 
species, so far as known, have fissured wings. Proboscis and 
labial palpi well developed. Maxillary palpi and ocelli absent. 
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Fore wings with vein 1 b either simple or with a short fork at the 
base; 1 ¢ present, 4 and 5 remote at the base, 8 and 9 stalked or 
fused. Hind wings above without a row of hairs along the basal 
part of the median vein; 1 a usually absent, 4 and 5 remote at the 
base, 6 and 7 remote, 7 and 8 approach very near each other near 
the middle of the wing. yp 
SYNOPSIS OF THE GENERA. 
( Hind wings with a cluster of black scales in the fringe of the 


1. third feather, . . 2. 
1 Hind wings without a niges: ai Bene Aen in the eee of 

\ the third feather, . : : . 4, 

9. ; Anal angle present in second ie of oe ne . : 1 3. 

Anal angle absent in second lobe of fore wings, . Trichoptilus. 

; Anal angle absent in first lobe of fore wings, . . Oxyptilus. 

Anal angle present in first lobe of fore wings, . Platyptilia. 

why Feathers of hind wings similar and tapering uniformly, . Aluczta. 

Feathers of hind wings unlike inform, . ; ‘ye Oe 

we Anal angle present on first lobe of fore wings, Sienoonna. 

Anal angle absent on first lobe of fore wings, . . Pterophorus. 


Genus TRICHOPTILUS Wlsm., Pter. Cal. and Ore. (1880). 


Front neither extended nor tufted, vertex smooth. Antenne 
pubescent; palpi slightly ascending; second and third segments 
nearly equal in length, the former a little thickened with scales, 
especially towards the outer end, the latter filiform. Tibi 
thickened with scales at the origin of the spurs. Fissure of the 
fore wings extending in a little more than half their length, the 
lobes being very slender, diverging, and without the anal angle on 
either. Hind wings with the fissure between the first and second 
feathers reaching within one-fourth of their base, while the second 
fissure reaches nearly to the base of the wing. All the feathers 
are very slender, almost filiform, and there is a cluster of black 
scales in the fringe near the middle of the hind margin of the 
third feather. 

- This genus was established by Lord Walsingham on a single 
species, pygmeus, of which his lordship took three specimens near 
Milville, in Shasta County, California, on the 11th of July, 1871, 
one of which with his characteristic generosity he gave me. As 
this single co-type is all I have, I do not feel like injuring it to 
study the venation or genitalia. Mr. Meyrick, in his ‘* Hand- 
book of British Lepidoptera,” has given the venation of the fore 
wings probably of 7. paludum Z. as follows: 2 out of 4 or absent, 
3 absent, 7 and 9 absent, 10 from near 8 or absent, 11 from near 8. 
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Hofmann gives a description of the male genitalia and a figure 
of a paramere of 7’. paludum. He states that the genitalia of the 
male are distinguished by the remarkable form of the claspers, 
which are long and narrow, hollow within, and with a broad, bell- 
shaped, bristly appendage. The tenth dorsal plate is obtusely 
triangular, arched and bent down at the end. ‘The ninth dorsal 
and ventral plates offer nothing especially worthy of remark. 


SYNOPSIS OF THE SPECIES. 


Expanse of wings, 10 mm. or less, . , . pygmeus. 
Expanse of wings, 17 mm.,_ . : : . ochrodactylus. 
Expanse of wings, 20mm. . ; ; . lobidactylus. 


TRICHOPTILUS PYGMZUS. 


Trichoptilus pygmeus Wlsm., Pter. Cal. and Ore., p. 64, 
Plate 3, fig. 15 (1880). 

Expanse of wings, 10 mm. Head and thorax pale fawn color ; 
antenne slightly pubescent, marked above with fawn brown and 
white alternately; palpi whitish touched with fawn color. Ab- 
domen whitish, with a tinge of fawn color on the sides and above 
posteriorly. Legs white, dotted and barred above with fawn 
brown; spurs white, and at their origin the legs are thickened 
with fawn brown scales, among which project some which are 
white and almost erect. Fore wings very pale fawn color, dusted 
with fuscous brown scales along the costa, especially above the 
base of the fissure and near the base of the hind margin. ‘Two 
indistinct white stripes cross the lobes of the fore wings, one 
beyond and the other before the middle, cutting the fawn-colored 
fringes on each side. Hind wings pale grayish brown, with 
cinereous fringes interrupted with white behind and at the apex. 
The third feather has long cinereous fringes interrupted with white 
at the apex, and there is a cluster of dark scales slightly beyond 
the middle in the fringe of the hind margin. 

Habitat. — Shasta County, California. Early stages and food 
plant unknown. 


TRICHOPTILUS OCHRODACTYLUS. 
Trichoptilus ochrodactylus Fish, Can. Ent., Vol. XIII, p. 142 (1881). 


Expanse of wings, 17 mm. Head and anterior part of the 
thorax pale ochreous. Antennze with a longitudinal brown line 
above, bordered by a fine white line on each side, pale ochreous 
beneath. Posterior part of thorax and abdomen light cream color, 
the latter nearly pure white beneath. Legs white, striped long- 
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itudinally with pale brownish ochreous; posterior tibie with a 
band of raised ochreous scales before each pair of spurs. Fore 
wings pale ochreous, approaching to cream color, with a very light 
brownish tinge on the first lobe. A minute brown spot at the 
base of the first lobe reaches from the end of the fissure half way 
to the costa. Costal fringe of the first lobe brownish ochreous, 
with a longitudinal white spot at the basal third, another at the 
outer third and a smaller one just before the apex. Fringe of the 
fissure ochreous and tinged with brown just beyond the middle, 
and there are some white hairs near the apices. Fringe of hind 
margin pale ochreous, with a white patch near the middle of the 
second lobe, beyond which the fringe is rather dark brownish, 
with a streaklet of white near the apex. Hind wings pale brown, 
with the fringes slightly paler. The third feather has a cluster of 
dark-brown scales in the hind fringe, just beyond the middle, and 
a row of club-shaped white scales extends from this to the base of 
the wing. 
Habitat. — Texas. Early stages and food plant unknown. 


TRICHOPTILUS LOBIDACTYLUS. 


Pterophorus lobidactylus Fitch, N. Y. Rep., Vol. L., p. 848 (1854). 
Aciptilus californicus Wl1sm., Pter. Cal. and Ore., p. 60, Pl. IL, 
fig. 9 (1880). 


Expanse of wings, 17-20 mm. Head grayish brown, with a 
while line over each eye; palpi whitish, touched with brown on the 
outside of the second segment, with a long, slim tuft at the outer 
end beneath, of nearly the same size and length as the slim outer 
segment, which is dark brown, as is also the tuft at the end of the 
second segment. Antenne grayish beneath, blackish above and 
dotted with white. Thorax brown, much lighter posteriorly. 
Abdomen dark brown, with diverging white lines on some of the 
segments. Legs striped with dark brown and white, with a tuft 
of dark scales at each pair of spurs; tarsal segments white at the 
base and brown at the outer end. 

Fore wings with the fissure extending in one-half of the length 
of the wing, dark cinnamon brown. An oblique stripe of pale 
yellow or white crosses the basal third of the first lobe, cutting the 
brown fringe on each side of the lobe. Traces of this stripe are 
sometimes seen on the second lobe, especially in the fringe on the 
hind margin. There are also indications of a second stripe on 
the outer third of the lobes, as shown by a few light scales and 
the white in the fringes, which are dark elsewhere except on the 
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apical end of the costa. Hind wings and fringes dark brown, 
with a cluster of black scales in the hind fringe a little beyond the 
middle, preceded by white, and the fringe at the apex is also 
white.. _ 

I have carefully compared four examples of californicus, given 
me by Lord Walsingham, with seven eastern examples of lobidac- 
tylus Fitch, and can see no difference except in the ground color, 
which is considerably lighter in the former; but, as the genitalia 
are absolutely alike in both, I must consider californicus only as a 
variety. Lord Walsingham doubtfully referred this species to the 
genus Aciptilus, but it seems to me to agree better with the char- 
acters of Trichoptilus. 

Habitat. — Massachusetts, Connecticut, New York, Colorado, 
California. Food, Solidago canadensis. 

I have been informed by Mr. Fish that Mr. N. Coleman of Ber- 
lin, Conn., has bred this insect from this plant. 


Genus OXYPTILUS Zeller, Isis, Vol. X., p. 765 (1841). 


Front smooth, without projection ; labial palpi longer than the 
head, ascending, the second segment with appressed or projecting 
scales beneath, sometimes forming a short tuft at the apex, ter- 
minal segment filiform. Legs long and slim, the anterior and 
middle tibiz thickened with scales at the middle and end. Fore 
wings fissured nearly to the middle, the first lobe narrow, curved 
somewhat at the end and terminating in a point without a defined 
anal angle. Second lobe with the apex somewhat produced, and 
with a more or less prominent anal angle. Feathers of the hind 
wing narrow and pointed, linear and without anal angles. Vein 2 
arises from the median vein, a little before the outer end of the 
cell, while 3 and 4 arise from a short stalk, 9 and 10 arise one 
after the other from 8, and 11 arises near 8 from the upper angle 
of the cell. In the hind wing the costal vein terminates near the 
outer third of the costa; the continuation of the subcostal runs 
through the middle of the first feather and ends in the apex. The 
median vein has three branches the third of which ends in the apex 
of the second feather. ‘The third feather with a single strong 
vein through the middle, terminating in the apex. ‘This feather 
has a cluster of dark scales in the hind fringe beyond the middle. 
The characters of the male genitalia are represented in Plate VI., 
figs. 1-8. 
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SYNOPSIS OF THE SPECIES. 


General color tawny yellow, . : f . periscelidactylus. 
General color light reddish brown, : . delawaricus. - 
General color dull grayish brown, . : . ningoris. 
General color dark brown, . ‘ ; . tenuidactylus. 


OXYPTILUS PERISCELIDACTYLUS. 


Pterophorus periscelidactylus Fitch, N. Y. Rep., Vol. 1, p. 843 (1854). 
Pterophorus periscelidactylus Riley, Mo. Rep., Vol. I., p. 1387 (1869). 
Pterophorus periscelidactylus Riley, Am. Ent., Vol. I., p. 234 (1870). 
Oxyptilus periscelidactylus Zell., Ent. Zeit., Vol. XXXIL., p. 178 
(1871). 
Pterophorus periscelidactylus Pack., Guide, p. 356 (1872). 
Oxyptilus periscelidactylus Zell., Beitr., Part 2, p.119 (1873). 
Pterophorus periscelidactylus Saund., Can. Ent., Vol. V., p. 99 (1873). 
Oxyptilus periscelidactylus Wlism., Pter. Cal. and Ore, p. 25, 
Pl. IL, fig. 5 (1880). 
Oxyptilus periscelidactylus Saund., Ins. Inj. Veg., p. 268 (1889). 
Oxyptilus periscelidactylus Comst., Manual, p. 238 (1895). 
Oxyptilus periscelidactylus Smith, Econ. Ent., p. 318 (1896). 


Expanse of wings, 14 to 29 mm. Head, thorax and fore wings 
tawny yellow. Palpi slim, porrect or ascending, reaching as high 
as the top of the head, white touched on the outside of second and. 
third segments with tawny yellow. Antennz dark brown beneath, 
white above and dotted with white along each side. Posterior 
part of the thorax marked in some specimens with white on the 
top of the tegulee, the sides and two longitudinal stripes on the top 
of the metathorax. Abdomen tawny yellow, marked more or less 
imperfectly with a white stripe along each side and also on each 
side of the dorsal stripe, except on the third segment, which is 
entirely dark tawny brown. Underside white, striped with tawny 
brown. Fore legs white, with longitudinal brown lines on the 
femora and tibiz; middle and hind femora white, striped with 
tawny; middle tibiz tawny on the outside, also a tuft of scales 
on the middle and at the end tawny; hind tarsi tawny at the mid- 
dle and end, and all the tarsi are marked more or less with this 
color at the end of the segments. 

Fore wings fissured nearly to the middle, tawny yellow, with 
two oblique white stripes crossing the lobes, dividing them into 
nearly equal parts, the space between these stripes often rusty 
brown, a transverse white spot just within the end of the fissure 
is edged on its inner side with rusty brown, the posterior end often 
extending outward and fusing with the first cross line. There is 
usually a very oblique white spot on the cell near the middle of 
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the wing, with a dark dot at the basal end of it, and a second 
white spot rests on the hind margin at the basal fourth of the 
wing. The fringes of the two lobes are whitish, cut by blackish 
at the apex and anal angle, this latter on the second lobe extend- 
ing along nearly half the hind border. Hind wings rusty brown, 
the third feather white in the middle and dark brown at the end, 
with large dark scales in the fringes on both sides of this part of 
the feather. 

Thirty-five specimens examined. 

Habitat. — Maine to Missouri, Ontario, Quebec, Texas. Food, 
leaves of the grape vine. | 

Larva. — Length, about 12 mm. Head yellow, with the mouth 
parts brown. Body pale greenish yellow, deeply constricted 
between the segments. Each segment has a transverse row of ten 
moderately sized tubercles, from each of which arises a cluster of 
from six to twelve long, whitish, diverging hairs, besides which, 
scattered over the surface, are short hairs which are enlarged at 
the tip. Legs yellow, long and slender. 

Pupa.— Length, 11 mm. Diameter, 2 mm. Front obliquely 
truncated, with two irregular ridges extending up over the truncate 
part and along the dorsum on either side of the median line, 
diverging towards the metathorax, where they terminate in a pair 
of flattened, sharp-pointed projections, about as high as two-thirds 
of the diameter of the pupa. The ridges are higher, and toothed 
on the top of each segment. On the first five abdominal segments 
' there is a row of short spines on each side, in line with the 
abdominal projections. These spines incline forward, and on the 
posterior side is a small tooth and two short diverging club-shaped 
bristles. The pups attach themselves by a cluster of fine hooks 
at the end of the abdomen to a button of silk spun by the cater- 
pillar before pupating. The pupal stage lasts about a week. 

So far as I can learn, nothing is known of the egg and early 
larval stages. Both Fitch and Riley expressed the opinion that 
there were two generations in a year, but it has not been observed. 
The moths are on the wing here in Amherst during the latter part 
of June. 

OXYPTILUS DELAWARICUS. 
Oxyptilus Delawaricus Zell., Verh. z.-b. Ges. Wien, XXIII, 
p. 318 (1873). 
Oxyptilus delawaricus W1sm., Pter. Cal. and Ore., p. 29, Pl. 
IL., fig. 7 (1880). 

Expanse of wings, 17 to18 mm. Head, thorax and fore wings 

light reddish brown. Palpi projecting forward about the length 


a 
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of the head, acuminate, lighter beneath and at the tip, the second 
segment tufted beneath at the end. Antenne fuscous, dotted 
with white above. Abdomen reddish brown at the base, yellowish 
white beyond and indistinctly marked with whitish scales and 
lines, but not so conspicuously marked as tenuidactylus. Legs 
white, barred with dark brown. 

Fore wings with a few whitish scales scattered along the costa, 
which is slightly shaded with fuscous beyond the middle. ‘There 
is a faint brown spot on the cell before the middle, and an 
indistinct pale spot on the basal fourth of the hind margin. ‘Two 
oblique white stripes cross the first lobe, dividing it into thirds, 
the outer stripe appearing again on the second lobe, while only a 
trace of the inner stripe is occasionally seen on the second lobe, 
extending along to the inner end of the fissure, which is edged 
with white and dark brown. ‘The ground color of the lobes is 
often darker than the rest of the wing. The costal fringe from 
the outer white stripe to the apex is white, that within the fissure 
is brown, while the fringe on the rest of the second lobe is white, 
cut with brown at the apex, and from the anal angle along the 
hind margin to the middle of the lobe, beyond which in one or two 
places black scales are seen in the white fringe. Hind wings 
darker brown than the fore wings, and with the usual cluster of 
black scales in the fringe, near the apex of the third feather. 
Nine specimens examined. 

Habitat. — Canada, New Hampshire, Massachusetts, California. 
Early stages and food plant unknown. 


OXYPTILUS NINGORIS. 


Oxyptilus ningoris W\sm., Pter. Cal. and Ore., p. 26, Pl. IL., 
fig. 6 (1880). 


Expanse of wings, 15 to 20 mm. Head and thorax dark gray- 
ish brown. Palpi clothed with close scales, second segment 
untufted. Antenne brownish, dotted with white above. Abdo- 
men grayish white at the base, brownish fuscous beyond, with 
three pairs of slender white streaks diverging from the front to the 
back of each of the anterior segments; beyond them crossed by 
lines of whitish scales. Legs white and banded with brownish 
fuscous. 

Fore wings dull grayish brown, sprinkled with whitish scales 
along the costa, with two oblique white stripes across the lobes 
and a small white spot at the end of the fissure, connected with 
the first oblique stripe by the white of the fringes, which beyond 
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this are brownish, except on the outer end of the costa of the first 
lobe and in the concave outer border of the second lobe, where 
they are white. There is also an inconspicuous white spot on the 
basal fourth of the hind margin, and a similar ill-defined spot near 
the middle of the wing. Hind wings brownish fuscous, the first 
feather barred with white beneath and the third feather widely 
barred with white and with blackish scales in the fringe on both 
sides towards the outer end. Six specimens examined. 
Habitat. — California, Oregon. Early stages and food plant 
unknown. 


OXYPTILUS TENUIDACTYLUS. 

Pterophorus tenuidactylus Fitch, N. Y. Rep., Vol. L, p. 848 (1854). 

Oxyptilus nigrociliatus Zeller, Verh. z.-b. Ges. Wien, XXIIL, 
p. 322 (1873). 

Oxyptilus nigrociliatus Wlism., Pter. Cal. and Ore., p. 31, Plate 
IL, fig. 8 (1880). 

Oxyptilus delavaricus Forbes, 3d Ill. Rep., p. 91, Plate X., fig. 2 
(1885). 

Oxyptilus nigrociliatus Saund., Inj. Ins., p. 314, figs. 326-7 (1889). 


Expanse of wings, 12 to 15 mm. Head and thorax dark tawny 
brown, with a tinge of coppery red; posterior part of the thorax 
white. Palpi ascending, reaching above the top of the head, 
slender, not tufted. Antenne black, dotted with white above. 
Abdomen of the same color as the wings, with two diverging 
- white lines on the top of the third segment, and the fifth strongly 
marked with white above except in the middle line. Legs white 
and banded with dark brown. 

Fore wings dark tawny brown, with a tinge of coppery red in 
certain lights. Two oblique white stripes cross the lobes, the 
inner one being the wider, and both more or less indistinct or 
wanting on the second lobe. ‘There is a faint indication of a 
white spot near the middle of the wing and a similar one at the 
inner end of the fissure. Fringes white on the apical part of the 
costa and on the outer margin, cut with blackish at the apex and 
anal angle of each lobe, and also blackish in the fissure and on 
the outer part of the hind margin of the second lobe. Hind wings 
of the same color as the fore wings, with the first feather barred 
with white beneath and the third feather white in the middle, 
beyond which the fringe on both sides is thickened by heavy black 
scales. Fifty-eight specimens examined. | 

I have before me one specimen from the National Museum, 
labelled, in Zeller’s handwriting, ‘‘ Oxyptil. nigrociliatus Z., N. 
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Am.” It also has a printed label, ‘* Collection C. V. Riley,’ and 
therefore it is probable that this specimen was determined by Zeller 
himself. I also have two specimens given me by Lord Walsing- 
ham which he took in California. Although Professor Zeller de- 
clared Lord Walsingham’s Californian specimens to be identical 
with his nigrociliatus, yet, because of the lighter color of the Cali- 
fornian specimens, his lordship wrote: ‘‘ It is open to question how 
far the two forms may be entitled to be considered distinct; but I 
must leave it to be decided by some one who has a more extended 
series of the undoubted tenuidactylus to refer to.” I have the types 
of Fitch in my possession, and there are two specimens of tenwi- 
dactylus, one of which is a male, from which the figures of the 
genitalia on Plate VI. were drawn. I have carefully compared 
this with the genitalia of the Californian specimens, as well as 
other eastern specimens, and find that there is absolutely no dif- 
ference. There is, therefore, no doubt that Lord Walsingham 
was correct in considering nigrociliatus the same as tenuidactylus, 
and that his Californian specimens are light varieties of the same 
species. I have a specimen from Philadelphia as light as any of 
my Californian specimens received from Lord Walsingham, and 
one taken in South Abington, Mass., which is as light in color as 
the lightest specimen from California. This, with many others, 
was taken July 19, 1881, by Mr. J. Elwyn Bates, who found them 
flying around blackberry bushes in large numbers. 

Habitat. — Massachusetts, New York, Delaware, Maryland, 
West Virginia, Illinois, Ontario, Colorado, California. Food, 
blackberry. ‘This species has been bred from blackberry by Prof. 
William Saunders and also by Prof. S. A. Forbes. 

‘¢ About the middle of June the larva reaches full growth, when 
it is about four-tenths of an inch long, of a pale greenish-yellow 
color, streaked with pale yellow, and with transverse rows of 
shining tubercles, from each of which arise from two to six 
spreading hairs of a yellowish-green color. The head is small, 
pale green, with a faint brown dot on each side. 

‘¢ When the larva is about to change to a chrysalis, it spins a 
loose web of silk on a leaf or other suitable spot, to which the 
chrysalis is attached. This is less than three-tenths of an inch 
long, pointed behind, enlarging gradually towards the front, 
where, near the end, it slopes abruptly to the tip. Its color is 
pale green, with a line along the back of a deeper shade, margined 
on each side with a whitish ridge; it is also more or less hairy. 
In about a week or ten days the chrysalis changes to a darker 
color, shortly after which the perfect insect escapes.” (Saunders. ) 
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Gunus PLATYPTILIA Hib., Verz. bek. Schm., p. 429 (1826). 


Front with a conical projection, covered by a longer or shorter 
tuft of scales. Labial palpi long, slim, porrect or slightly ascend- 
ing, closely scaled, the third segment filiform and shorter than the 
second. Legs long and slim, the tibize with darker scales and 
sometimes thickened at the end and also in the middle of the hind 
tibiee. 

Fore wings fissured about one-third of their length, the lobes, 
especially the second, wider at the outer end than at the base, 
each with a distinct anal angle, the first faleate and the second 
convex on the outer margin. The cell is nearly rectangular at the 
outer end, and veins 5 and 6, as well as the cross vein, are very 
weak. ‘Two internal veins are present. Vein 2 arises from the 
outer third of the median vein and ends in or near the anal angle 
of the second lobe, while vein 3 ends in the middle and 4 in the 
apex of the same lobe. Vein 7 arises a little below the anterior 
angle of. the cell and ends in or near the anal angle of the first 
lobe; 8 and 9 are from a stalk which arises from the anterior 
angle of the cell, and 8 ends in the apex, while 9 ends in the 
costa ; 10 and 11 are somewhat remote from each other and from 
the stalk of 8 and 9. The first feather of the hind wings has a 
blunt apex, and is wider towards the outer end than at the base. 
Veins 7 and 8 arise separately from the base of the wing, approach 
very near to each other at the basal third and end at the widest 
part of the feather, one in the costa a little before the apex, and 
the other in the outer margin behind the apex. The second 
feather has an acute apex and a distinct anal angle; and vein 3, 
arising a little before the end of the cell, ends in the anal angle, 
while 4 arises from the end of the cell and ends in the apex of this 
feather. The third feather is narrow and tapers gradually to the 
apex, but there is usually a slight enlargement indicating the anal 
angle near the middle of the hind margin. A cluster of black 
scales more or less pronounced occurs in the fringe of the hind 
margin. One internal vein runs through the middle of this feather 
and a second terminates at the end of the second fissure. 

The characters of the genitalia are represented in plates V., 
VII. and VIII. 


—— = 
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SYNOPSIS OF THE SPECIES. 


; Palpi and frontal tuft much longer than head, marginidactyla. 
Palpi and frontal tuft not longer than head, . ° : that 
; With a dark triangle on the outer third of costa, . ‘ aati ieke 
Without a dark triangle on the outer third of costa, . sa habe 
; Cluster of dark scales in the middle of fringe of third feather, 4. 
Cluster of dark scales beyond the middle, _. : : he 
; Hind tibize white, banded with dark near middle and end, ._ 5. 
Hind tibize without these characters, : : ; be EO, 
; More than half the space between spurs wiiie: . carduidactyla. 
Less than half the space between spurs white, _. percnodactyla. 
; Ground color of fore wings pale fawn, . : : : nike 
Ground color of fore wings whitish, : ! : : a 1 
7 ; Expanse of wings 36mm... : : ; . » grandis. 
Mumixpanseof wings20mm, . . . . =.  «. fragilis. 
Expanse of wings 30mm... . ° ; . albidorsella. 
8. ; Bepeceot wines 20mm, .  . ww fk Oe ishaste. 
Expanse of wings 25 mm., : : ‘ F AO 
; Costa black between stripes on first ine. . .  orthocarpt. 
Costa not black between stripes on first lobe, ; . albida. 
10. ; Fore wings reddish fuscous, . : ; ; See 
Fore wings pale gray marked with ‘bleeee : : : » 42 
4. ; Markings dark brown, . : : ° .  acanthodactyla. 
Markings light brown, . : : ; . . edwardsiz. 
19 ; Thorax white, . ‘ : : : é . ; : pica. 
' ( Thorax gray, . .  . cosmodactyla. 
13. First lobe with two light ¢ cross “ster or ates 7 : . 14, 
First lobe withgut cross lines or stripes, . ; : ° . 15. 
Costa cinnamon brown, hind margin white, . : . albicans, 

14. Fore wings white shaded with brownish scales at base and 
costa, . - . : ‘ ; ; . petrodactyla. 
Fore wings erate oray, . : : . tesseradactyla. 
15. } Fore wings cinereous,  . : ° : . : . modesta. 
Fore wings cinnamon brown, . : ; : ar 0G: 
16 ; Second segment of palpi enlarged with ees . albiciliata. 
Second segment of palpi not enlarged with scales, . adusta. 


PLATYPTILIA PICA. 


Amblyptilus pica W1sm., Pter. Cal. and Ore., p. 21, Plate II., fig. 1 (1880). 


I have never seen this species, and therefore repeat Lord Wal- 
singham’s description : — 

‘¢ Head and palpi cinereous, dusted with white scales. Antenne 
cinereous, faintly dotted with whitish above. The thorax white 
touched with cinereous above and at the sides, with two black 
spots behind. 
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‘¢ Fore wings white, dusted with cinereous along their costal half 
before the fissure; the costa fuscous, dotted with white; a blackish 
spot before the middle of the wing touching the costal shade; 
another nearer to the base below it; a blackish fuscous, triangular, 
costal patch before the fissure, followed by a conspicuous white 
space, beyond which is a fuscous shade, crossing both lobes, di- 
vided by a white line running parallel to the apical margin, on 
which the cilia are white, dotted with some fuscous. The dorsal 
half of the wing is less shaded or dusted than the costal, and con- 
tains two short, oblique, blackish dashes near the middle, the 
second being followed by a straight streak of brownish fuscous 
scales running parallel to the dorsal margin. ‘The cilia on the 
dorsal margin are white, with two distinct tooth-like tufts of black 
scales; the cilia within the fissure are fuscous. 

‘¢ Hind wings fuscous brown, with cilia of all the lobes the 
same color, except on the dorsal margin of the third, where they 
are white, irrorated with black scales along the basal half, and 
bearing -a conspicuous projecting triangular tuft of black scales 
beyond the middle, and a few more below the apex of the lobe. 

‘¢’The abdomen is white above and beneath, with a fuscous line 
along each side, which also crosses it above near the base, and 
again below the middle. ‘The third pair of legs are annulated 
with white and fuscous brown, the bases of the white spurs being 
also fuscous. Expanse, 23 mm. 

‘sTIt is allied to A. acanthodactylus and A. cosmodactylus of 
Huebner.” , 

Habitat. — California. Early stages and food plant unknown. 


PLATYPTILIA COSMODACTYLA. 


Alucita Cosmodactyla Hiib., Aluc., Plate VIL., figs. 35, 36 (1825). 
Amblyptilus cosmodactylus Wism., Pter. Cal. and Ore., p. 23, 
Plate IL., figs. 2-4 (1880). 

Expanse of wings, 18-21 mm. MHead, thorax and fore wings 
pale gray, finely striated with black; a triangular black spot on 
the outer third of the costa, followed by a small white costal spot, 
which is in turn followed by a broad black band edged on the 
outside with white, which crosses the lobes diagonally. On the 
second lobe the white cuts a dark basal portion twice at equal 
distances; costa of the wing dark gray with a series of white 
dots. Fringes blackish basally, white externally. Hind wings 
dark grayish brown, with a large cluster of black scales beyond 
the middle of the fringe of the third feather, and a small black 
cluster on the apex. 
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Habitat.— Europe, California, Oregon. Food, Stachys, Aquile- 
gia, Geranium, Orthocarpus. ‘+ Larva, from pale green to purplish 
pink; dorsal line dark gray; subdorsal white, conspicuous ; lateral 
and spiracular whitish, interrupted; head dark reddish fuscous, 
almost black.” (Meyrick.) 


PLATYPTILIA ACANTHODACTYLA. 
Alucita Acanthodactyla Hiib., Aluc., Plate V., figs. 23, 24 (1825). 


Expanse of wings, 18-21 mm. Head, thorax and fore wings 
reddish fuscous, marked very similarly to cosmodactyla, but may 
be separated by the ground color of the fore wings. 

Habitat. — Europe, South Africa, New York. Food, Stachys, 
Mentha, Ononis, Calamintha, Pelargonium and Euphrasia. 

I have a single specimen of this species, taken at West Farms, 
N.Y., by Mr. James Angus. , 

‘¢ Larva, from pale green to deep purple; dorsal line dark gray ; 
subdorsal, lateral, and sometimes spiracular whitish, interrupted ; 
head yellowish gray or yellowish brown, blackish-marked.” (Mey- 
rick. ) 


PLATYPTILIA EDWARDSII. 
Platyptilus Edwardsti Fish, Can. Ent., Vol. XIIL., p. 72 (1881). 


Expanse of wings, 22-27 mm. Head and thorax ochreous 
brown; frontal tuft short and blunt, brown above, whitish be- 
neath. Palpi ascending, extending beyond the frontal tuft; an- 
tenne finely ciliated, dotted above with dark scales, cinereous 
beneath. Abdomen ochreous, slender. Legs ochreous brown, 
hind tibize and all the tarsi paler. 

Fore wings reddish brown, darker on the costa; triangular cos- 
tal spot dark brown, bordered on the outside by whitish scales. 
A small brown spot occurs near the hind margin at the basal 
fourth, another near the costa at the basal third, and a transverse 
white line at the apical third of the lobe. The first lobe with a 
dark longitudinal spot half way between the costa and hind mar- 
gin; second lobe dark at the anal angle. Fringes whitish, with a 
patch of dark scales before and another just behind the apex of 
the costal triangle. Hind wings reddish brown; fringes brown, 
whitish at base of hind margin and bearing a small patch of dark 
scales just before the apex. 

Habitat. — Maine, Massachusetts. Early stages and food plant 
unknown. 
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PLATYPTILIA CARDUIDACTYLA, 


Pierophorus carduidactylus Riley, Mo. Rep., Vol. I., p. 180, 
Plate IL., figs. 13, 14 (1869). 

Platyptilus cardut Zell., Stett. Ent. Zeit., Vol XX XI, p. 179 
(1871). 

Platyptilia cardut Zell., Beitr., p. 118 (1873). 

Platyptilus cardui W1sm., Pter. Cal. and Ore., p. 7, Plate L., 
fig. 6 (1880). 

Platyptilus cardut Riley, Gen. Index Ent. Rep. Mo., p. 83 
(1881). 


Expanse of wings, 23 mm. Head, thorax and abdomen tawny 


yellow. Legs tawny yellow, except the tarsi, which are nearly - 


white, spotted with dark brown; spurs brown, with darker tips. 

Fore wings tawny yellow, fissure extending in about one-fourth 
of the length of the wing; triangular spot dark brown, its outer 
margin slightly concave; three dark diffuse longitudinal spots, one 
on the basal third of the wing near the costa, one near the hind 
margin, nearer the base than the latter, and one on the outer third 
of the hind margin. ‘Two paler transverse lines cross the outer 
portion of the wing, one bordering the triangular spot behind and 
curving across the lower lobe towards the anal angle, the other 
very near and parallel to the outer margin. The space between 
these two lines usually darker than the ground color. Fringes 
dark basally, whitish outwardly except three brown patches of 
scales, one in the middle of hind margin, one on the anal angle 
and a smaller one half-way between. Hind wings ashy brown. 
Fringes concolorous, with a patch of very dark scales about half 
way on hind margin of third feather, and a few scattering scales 
about half-way between that and the base. 

Habitat. — New York, Pennsylvania, Illinois, Missouri, Texas, 
California, Washington. Food, Thistle (Cirsiwm lanceolatum) . 

‘+ Larva. — Average length, 0.60. Largest in the middle of the 
body, tapering thence each way. Color light straw yellow, greener 
when young. Somewhat darker, partly translucent, dorsal, sub- 
dorsal, and stigmatal lines. Two lateral rows of black spots, the 
lower spots rather smaller and placed behind the upper ones. A 


third row above these, and others along the back, but so small — 


that they are generally imperceptible with the naked eye, except 
on the thoracic segments, being especially distinct on segment 2. 
Head small, black, sometimes inclining to brown. Cervical shield 


black, divided longitudinally in the middle by a lighter line. Cau- — 


dal plate also black. Segment 11, besides the spots above men- 
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tioned, has two transverse black marks, the posterior one the 
largest. Thoracic legs black, the others of the same color as the 
body. 

‘s Pupa.— Average length, 0.45. Soft, dull yellow, with a 
lateral dusky line each side of dorsum, and another, less distinct, 
each side of venter. Also dusky about the head and wing- 
sheaths.” (Riley.) 


PLATYPTILIA PERCNODACTYLA. 


Platyptilus percnodactylus Wlsm., Pter. Cal. and Ore., p. 8, Plate L., 
fig. 7 (1880). 

Expanse of wings, 22 mm. Head and thorax pale brown; an- 
tennz spotted on the upper side with white and brown. Abdomen 
brownish, paler at the ‘base. Legs whitish, slender, slightly en- 
larged, and tinged with brownish at the end of the segments. 
Spurs pale. 

Fore wings pale brown with much paler blotches, one reaching 
from the base of the fissure to the costa, another below the dark- 
brown costal triangle and another at the base of the costal margin ; 
a pale streak crosses the wing, parallel to the outer margin, which 
is brownish; a brown line at the base of the fringes, which are 
brown except within the fissure and near the anal angle; a few 
_brown scales near the middle of the hind margin. Hind wings 
brown, the third feather paler than the others, and with a few 
fuscous scales in the fringe of the hind margin of the third 
feather. 

Habitat. — California. Early stages and food plant unknown. 


PLATYPTILIA SHASTA, 


Platyptilus shaste Wlsm., Pter. Cal. and Ore., p. 14, Plate I., fig. 11 
(1880). 


As I have no example of this species, I quote Lord Walsing- 
ham’s description : — 

‘¢ Head white; palpi white, touched with cinereous at the sides; 
antennz dotted above. Thorax dusted with cinereous. 

‘¢Fore wings narrow, whitish, dusted with cinereous atoms, 
especially along the costa; the triangular costal patch brown, fol- 
lowed by the usual pale space; a brown line along the base of the 
white fringes ; a very slender whitish line, running parallel to the 
apical margin, terminates in a white dash on the costa, reaching 
to the extreme apex; the antemedian dots scarcely indicated. 
Hind wings pale cinereous, the third lobe perhaps slightly the 
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lightest in color; fringes nearly unicolorous, pale cinereous, 
scarcely paler at their bases. Abdomen yellowish white. The 
third pair of legs cinereous, slightly whitish below each joint and 
on the spurs and feet. Expanse 20 mm.” 

Habitat. — California. 

‘¢ This species may be distinguished by its slender appearance 
and narrow fore wings, which are so delicately dusted as to be of 
almost the same shade as the pale cinereous hind wings, which 
separate it at once from any of its allies now described.” 


PLATYPTILIA FRAGILIS. 


Platyptilus fragilis Wlsm., Pter. Cal. and Ore., p. 16, Plate I., fig. 12 
(1880). 

Expanse of wings, 19 mm. Head and thorax white, sprinkled 
with yellowish scales; palpi slightly cinereous; abdomen yellow- 
ish; legs yellowish white, brownish at the joints. 

Fore wings fawn color with yellowish tinge ; the two antemedian 
spots and the triangular costal patch brown; outer margin brown- 
ish. Fringe white with a fine brown line at its base. Two brown 
dashes in the fringes of the hind margin before the anal angle. 
Hind wings very pale brownish white with paler fringes. 

Habitat. — California. Early stages and food plant unknown. 


PLATYPTILIA ORTHOCARPI. 


Platyptilus orthocarpi Wlsm., Pter. Cal. and Ore., p. 11, Plate IL, fig. 9 
(1880). 

Expanse of wings, 25 mm. Head and thorax whitish, slightly 
tinged with ochreous; frontal tuft short. Hind legs whitish, 
marked with fuscous on the outside, with white annulations 5 alow 
each segment; spurs and feet white. 

Fore wings dusted with ochreous and brown scales, especially 
on the costa; triangular costal patch and a dash at the end of 
the first third of the wing very dark fuscous, and more produced 
toward the apex than in albida; space beyond the triangular patch 
and a streak parallel to the outer margin white, with the space 
between them brown. Hind wings fuscous brown; fringes fus- 
cous with a white line at the base. 

Habitat. — Oregon. Food, Orthocarpus. 
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PLATYPTILIA ALBIDA, 


Platyptilus albidus Wlsm., Pter. Cal. and Ore., p. 10, Plate I, fig. 8 
(1880). 

Expanse of wings, 24 mm. Head and thorax white, with a 
bluish tinge. Antennze white dotted with brown above. Abdo- 
men white streaked with fuscous. Hind legs dark ashy in color; 
spurs and feet slightly paler on the inner side. 

Fore wings bluish white, with brownish scales, especially along 
the costa to the brown triangular spot, beyond which is a pale 
stripe running parallel to the outer margin across both lobes of the 
wing; another pale line near the outer margin; the space between 
these pale lines is grayish brown except near the costa, where it is 
brownish; a brown stripe between this and the fringes. Two in- 
distinct brown spots on the inner half of the wing, the lower one 
much nearer the base than the upper one; a brown line at the 
base of the fringe, which is white except at the anal angle. Hind 
wings brown ; fringes brown, a little paler on the hind margin of 
the third feather. 

Habitat. —Southern Oregon, California. Early stages and 
food plant unknown. 


PLATYPTILIA ALBIDORSELLA. 
Platyptilus albidorsellus Wism., Pter. Cal. and Ore., p. 13, Plate L., 
fig. 10 (1880). 

Expanse of wings, 30 mm. Head and thorax white, with a few 
scattered fuscous scales; frontal tuft short. Legs whitish tinged 
with cinereous ; feet and spurs paler. 

Fore wings white, thickly sprinkled with brown, forming a 
widening streak from the base of the wing to the triangular patch, 
beyond which it is paler and crossed by a white costal patch and a 
white line near the outer margin and parallel to it. Fringes ashy, 
with a brown line at the base. Hind wings white, thickly dusted 
with brown. Fringes paler brown, much paler at the base. 

Habitat. — California. Early stages and food plant unknown. 


PLATYPTILIA GRANDIS. 
Platyptilus grandis W\sm., Pter. Cal. and Ore., p. 6, Plate I., fig. 5 (1880). 


Expanse of wings, 36 mm. Head and thorax pale fawn color; 
antenne brownish fawn color, spotted with white above; frontal 
tuft fawn color, shorter than in allied species. Legs very pale, 
the hind tibize with their extremities darker. 
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Fore wings pale fawn color, with the costa and triangular blotch 
fuscous; two brownish, elongated dots near the middle of the 
wing, the larger one nearer the base. The lobes are crossed by a 
pale wavy streak parallel and near to the outer margin; a brown 
line at the base of the fringes, which are dark fuscous except near 
the anal angle, where they are pale. Hind wings brownish fawn 
color. Fringes pale except on the hind margin of the third feather, 
where they are brownish. 

Habitat. — California. Early stages and food plant unknown. 


PLATYPTILIA MODESTA. 


Platyptilus modestus Wlsm., Pter. Cal. and Ore., p. 18, Plate L., fig. 14 


(1880). 


As I have no example of this species, I give a copy of Lord 
Walsingham’s description : — 

‘¢ Head and palpi cinereous; antenne slightly dotted above. 

‘Fore wings very narrow, cinereous, with a slight ochreous 
tinge towards the dorsal margin. The costa sprinkled and shaded 
with fuscous, the fuscous shade widening towards the fissure, form- 
ing an elongate but indistinct triangular costal blotch. The apical 
portion of the wing more or less shaded with fuscous, and a fus- 
cous line along the base of the cilia on the apical margin, which 
are whitish at their points. The cilia within the fissure and those 
along the dorsal margin before the anal angle white, the latter con- 
taining a few dark scales. Hind wings cinereous; the cilia slightly 
paler, especially along their bases. Posterior legs cinereous ; the 
feet slightly paler. Expanse 22 mm.” : 

Habitat. — California. Early stages and food plant unknown. 


PLATYPTILIA PETRODACTYLA. 


Pterophorus petrodactylus Walk., Cat. Lep. Het., Vol. XXX., 
pp. 940, 941 (1864). 

Platyptilus petrodactylus Wlism., Pter. Cal. and bi p. 20, 
Plate IL, fig. 15 (1880). 

Expanse of wings, 23 mm. Head, thorax and abdomen shaded 
cinereous. Legs cinereous, slightly thickened at the joints; the 
spurs apparently of equal length. 

Fore wings white, shaded with cinereous or ashy brown; costa 
brownish beyond the middle; an oblique brownish fuscous line, 
starting from the costa before the apex, extends inward more 
obliquely than the outer margin, but does not reach the fissure. 
This line is widest on the costa, tapering to a point inwardly, and 
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is darker at its lower end. Fringes white within the fissure, with 
a cinereous line near their bases, shaded with fuscous at the 
anal angle. Hind wings pale cinereous; fringes slightly darker 
towards the end of the feathers. 
Habitat. — Arctic America. Early stages and food plant un- 
known. 
PLATYPTILIA ADUSTA. 


Platyptilus adustus Wism., Pter. Cal. and Ore., p. 5, Plate I, fig. 4 
(1880). 

Expanse of wings, 23 mm. Head, frontal tuft, thorax and 
abdomen fawn color, with a brownish tinge. Legs pale fawn 
color, with the feet and anterior parts of the tibize slightly paler. 

Fore wings fawn color, somewhat streaked with a paler tint; 
the costa much darker. Fringes but little paler than the wings, 
but with a fine brown basal line. Hind wings fawn color, the 
first and second feathers slightly darker than the fore wings. 

Habitat. — California. Early stages and food plant unknown. 


PLATYPTILIA ALBICILIATA. 


Platyptilus albiciliatus W1sm., Pter. Cal. and Ore., p. 17, Plate L., fig. 13 
(1880). 

Expanse of wings, 24 mm. Head cinnamon brown; frontal 
tuft short. Thorax grayish brown. Hind legs cinereous; feet 
and spurs paler. 

Fore wings cinnamon brown, with a slight grayish tinge on the 
costa and outer margin. Fringes whitish except at the base, 
where they are of the same color as the wing. Hind wings pale 
brown, with the fringes paler at the base. 

Habitat. — California. Early stages and food plant unknown. 


PLATYPTILIA ALBICANS. 
Platyptilia albicans Fish, Can. Ent., Vol. XIII., p. 71 (1881). 


Expanse of wings, 22 mm. Head and thorax cream color, 
frontal tuft short and blunt. Palpi extending beyond frontal 
tuft, slightly ascending. Antennz cinnamon brown, dotted above 
with white. Abdomen ochreous, lighter at base. Legs whitish, 
anterior and middle femora and tibiz cinnamon brown, sprinkled 
with whitish scales; tarsi cinereous, first two segments whitish 
interiorly ; posterior tibize cream color, brownish just before the 
spurs. 7 

Fore wings creamy white along the hind margin, on the costa 
cinnamon brown; costal triangular spot cinnamon brown, bor- 
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dered outwardly above the fissure by a broad white line; below 
the fissure its apex is continuous with the brownish color of the 
second lobe. Both lobes cinnamon brown, with a transverse white 
line not reaching the hind margin of the second lobe. Fringes 
cream color, sprinkled with cinnamon brown. Hind wings cinna- 
mon brown, with fringes concolorous. 

Habitat. — Nevada. Early stages and food plant unknown. 


PLATYPTILIA TESSERADACTYLA. 
Alucita tesseradactyla Linn., Fn. Suec., p. 870 (1761). 


Expanse of wings, 16-20 mm. Head, palpi and frontal tuft 
grayish brown. Antenne whitish, dotted above with dark brown. 
Thorax gray in front, white behind. 

Fore wings whitish, heavily dusted with brownish gray. The 
somewhat indistinct brownish triangle on the outer third of the 
costa is followed by a whitish spot, and a subterminal white line 
crosses both lobes. 

Habitat. — Europe, Massachusetts. Food, Gnaphalium dio- 
ticum, G. arenarium. 5 

‘¢ The egg is pale green, smooth and somewhat elongated, and 
the larva in its earliest stage is clear white with isolated hairs. 
Head, thoracic and anal shields black. Later (in September) the 
dorsal and lateral rows of rust-brown points appear, and in March, 
after hibernating, it becomes stout without increasing very much 
in length. The head, thoracic and anal shields are dark brown; 
dorsal stripe is crimson rust color; the subdorsal and lateral lines 
are of the same color but finer. The ground color of the body is 
yellowish above and rust red beneath. The adult larva is a little 
smaller at each end and cylindrical in the middle. The head is 
small and black, the thoracic shields small, black divided by a 
light line. The color of the body is dark ferruginous brown. On 
the back stand whitish flecks with two pairs of black tubercles on 
each segment, of which the hinder are placed farther from each 
other than those in front; similar tubercles occur on the sides, 
from which arise long light hairs. The anal shield and legs are 
dark brown. These larvee frequently vary in the tone of the 
color.” (Gartner.) 


Se ey 
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PLATYPTILIA MARGINIDACTYLA,. 
Pterophorus marginidactylus Fitch, N. Y. Rep., Vol. I., p. 848 


(1854). 

Pterophorus nebuledactylus Fitch, N. Y. Rep., Vol. I., p. 849 
(1854). 

Platyptilus Bertrami Roessl., Wien. Mts., Vol. VUI., p. 54 
(1864). 


Platyptilus Bischoffii Zell., Stett. Ent. Zeit., Vol. XXVIIL, 
p. 333 (1867). 

Platyptilia Bertrami Zell., Stett. Ent. Zeit., Vol. XXXIV., 
p. 135 (1873). 

Platyptilia Bischoffit Zell., Verh. z.- b. Ges., p. 317 (1873). 

Pterophorus cervinidactylus Pack., Ann. Lyc. N. Y., Vol. X., 
p. 266 (1873). 

Platyptilus bertrami W\sm., Pter. Cal. and Ore., p. 3., Plate I, 
fig. 3 (1880). 

Platyptilia bertrami Tutt, Mon., p. 31 (1891). 

Platyptilia Bertrami Mey., Brit. Lep., p. 4384 (1895). 

Platyptilia Bertrami Hof., Deut. Pter., p. 55 (1895). 


Expanse of wings, 22-28 mm. Head, palpi, frontal tuft, tho- 
rax and abdomen pale ochre yellow, the collar and outside of the 
palpi sometimes a little darker. Palpi and frontal tuft of nearly 
equal length, extending forward of the head a distance equal to 
the length of the head. Antenne whitish, dotted above with dark 
brown. All the coxa, femora, anterior and middle tibiz brown- 
ish yellow on the outside, whitish within. Hind tibiz whitish at 
the base, dull brown on the outer half. All the tarsi whitish, ex- 
cept in some examples the segments of the hind tarsi are touched 
with dull brown. Fore wings somewhat falcate at the end of the 
first lobe, pale ochre yellow, fuscous along the costal edge, broken 
by an oblique light shade above and a little beyond the end of the 
fissure, within which a darker shade extends from the costa across 
the cell containing two brownish dots, one on each angle of the 
cell. The anterior dot is seldom present and often both are 
absent. An elongated ochre yellow spot rests on the cell half- 
way between the discal dots and the base of the wing, a second 
elongated spot on the hind margin at the base and another near 
the middle of the wing. The lobes are somewhat darker at the 
_ outer end, sometimes with an indication of a pale subterminal line. 
Fringes whitish, with a darker shade outwardly, and with a dark- 
brown basal line which extends a little into the fissure. The 
darker ochre yellow spots are often extended so that nearly the 
whole surface of the wing is of this color. Hind wings dark 
ochreous fuscous, with a more or less distinct cluster of dark 
scales near the middle of the hind fringe of the third feather. 


116 AGRICULTURAL COLLEGE. [ Jan. 


The genitalia are represented on Plate III., figs. 4 and 5. For 
the sake of comparison the genitalia of P. ochrodactyla are repre- 
sented on the same plate, figs. 14 and 15. These were made from 
specimens received from Professor Zeller, and labelled in his own 
handwriting. 

The above description was drawn up from one hundred and 
thirteen American specimens. 

Habitat. — Europe; Canada, Maine, New Hampshire, Massa- 
chusetts, New York, Pennsylvania, Colorado, California, Oregon. 
Food, Yarrow (Achillea millefolium) . 

‘In some unpublished notes received from Mr. Charles Fish, I 
find the following statement: ‘* Received from Mr. J. Elwyn Bates, 
on June 30, 1881, some eggs of Plat. bischoffii, which were laid 
June 24, to the number of twenty-four. They were elliptical in 
outline and somewhat flattened. The longer diameter was three- 
sevenths of a millimeter and the shorter diameter was three-tenths 
of a millimeter, and the surface was irregularly corrugated. When 
first deposited they were of a light cream color or almost hyaline 
with a glossy surface, but after two days they turned to a deep 
flesh color.” There was no note made as to whether these eggs 
hatched, or not. 

Different stages of the larva have been described by several 
writers in Europe, and the mature larva is briefly described as fol- 
lows: ‘* Larva green; dorsal line darker or somewhat brownish 
tinged; subdorsal and lateral gray whitish ; obs white ; 
head whitish yellowish.” (Meyrick. ) 

‘she pupa is a little over half an inch long, with a longish 
beak in front, projecting at a slight angle downwards from the 
head; pointed at the tail; the wing cases of moderate length, well 
developed, and the ends of the leg cases projecting free from the 
abdomen. The color is bright pale green, dorsal line dark green, 
edged on the thorax with white; beak white above, rust color on 
the sides; there is a conspicuous streak on this rust color on the 
hind part of the thorax, and the same color also appears (but more 
faintly) on the abdominal point and at the tip of the leg cases; 
subdorsal line dark green, lateral line white. Ventral surface pale 
green, with darker green lines, and the wing-cases with whitish 
rays.” (Porritt.) | 

The insects before me, so far as the labels indicate, were on the 
wing in Maine, June 24; Massachusetts, from the 10th to the 27th 
of June; New York, from June 238 to July 17; Missouri, in May ; 
Colorado, from the 11th to the 16th of June; California, June 1 
to 18. 
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I have seven European species of Platyptilia in my collection, 
all named by Professor Zeller. Five of these are males, and an 
examination of the genitalia proves that one which Zeller named 
bertrami is ochrodactyla and one named ochrodactyla is bertrami. 
They approach each other so closely in form and coloration that it 
is not surprising that they should have been considered conspecific 
for so long a time, and that there should have been so much dis- 
cussion about the matter in the European journals. Mr. Tutt has 
given an excellent resumé of this discussion in his ‘¢ Monograph of 
the Pterophorina of Britain.” Mr. Tutt suggests that Haworth’s 
pallidactyla is identical with bertrami, and in that case it should 
take precedence, but until this is adopted we must accept the name 
marginidactyla Fitch, which is ten years older than bertrami. 

The types of Fitch now belong to my collections; and I have 
made a critical examination of the genitalia, and they agree per- 
fectly with the genitalia of bertrami. 


Genus ALUCITA Linn., Syst. Nat., Ed. 10, p. 542 (1758). 


Vertex smooth; front smooth or a little swollen, closely scaled ; 
antenne with a thickened basal segment. Palpi slim, porrect or 
somewhat ascending, the third segment shorter than the second, 
pointed and sometimes bent down a little. Anterior and middle 
tibize very slightly thickened at the end; hind tibize without thicken- 
ing of scales. Abdomen moderately slim, the second and third 
segments not much longer than the others. Fore wings fissured 
half their length or a little more, the lobes running to a point and 
bent backward somewhat, especially the second lobe. Feathers of 
the hind wings all of the same form, linear and pointed, without a 
cluster of dark scales in the fringe of the third feather. 


SYNOPSIS OF THE SPECIES. 


Ground color of fore wings gray, . : : ; . belfraget. 
Ground color of fore wings white, , ; ; . montana. 
Ground color of fore wings yellowish white, . , .  cimerascens. 


ALUCITA BELFRAGEI. 
Aciptilus Belfraget Fish, Can. Ent., Vol. XIII, p. 142 (1881). 
Expanse of wings,18mm. Head brownish gray. Palpi brown 
above, whitish beneath. Antenne whitish, dotted with pale brown 
above. Thorax pale ochreous gray in front; hind portion and 
abdomen pale grayish ochreous, striped longitudinally with fine 
white lines and marked with dark streaks. Legs pale grayish; 
fore and middle femora striped longitudinally with whitish and 
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dark brown lines; tarsi pale ochreous, with shadings on the outer 
side; hind tibize and tarsi pale ochreous; spurs tipped with brown. 
Fore wings pale ochreous gray, dusted with brown scales; an 
oblique dark-brown patch at the base of the fissure, bordered pos- 
teriorly with white; a small brown spot midway between this and 
the base of the wing; two longitudinal brown spots on the outer 
third of the costa of first lobe and one or two brown dots on the 
outer margin of the same lobe near the apex. Fringes pale brown 
except at the apex of the second lobe, where they are white. Hind 
wings brownish cinereous. Fringes pale brown. 
Habitat. — Texas. Early stages and food plant unknown. 


ALUCITA MONTANA. 


Aciptilus montanus Wlsm., Pter. Cal. and Ore., p. 59, Plate IIL, fig. 14 
(1880). 

Expanse of wings, 16 mm. Head white, antennz faintly dotted 
above with brownish. Thorax, abdomen and legs snow white; the 
fore and middle legs brownish on the inner side. 

Fore wings snow white, sprinkled with ferruginous-brown scales, 
especially on the outer half of the costa; a spot of these scales 
before the base of the fissure runs obliquely to a darker spot on 
the costa, and this is nearly connected by a dark shade with an- 
other brown costal spot near the apex; a dark-brown fine streak 
on the outer half of the costa of the second lobe extends through 
the fringe under the apex; all of the rest of the inneeM is snOW 
white. Hind wings dusted with cinereous brown. 

Habitat. — California, New York. 

‘s The larva feeds upon different species of Solidago. The first 
examples were noticed on May 30. At this time they were found 
only on the under side of the leaves, later they occur on the upper 
as well. As a rule, they lie close to and parallel with the mid- 
vein. At least while young they eat out the parenehya leaving 
the epidermis. 

‘¢ May 30 the larve were .1 of an inch and less in length; en- 
tirely white, except claws and mandibles. The body is not flat-— 
tened at this stage. The first ring is broad, and the head may be 
well withdrawn into it. The tubercular hairs are spined, plainly 
seen under a moderate magnifying power. 

‘¢ June 3 the largest had evidently moulted, length then .2 of an 
inch; pale green, eighth and ninth rings yellow. Lateral tufts 
more conspicuous. Dorsal line faint. Subsequent changes not 
noted until full-grown larva was described the latter part of June. 
Length .34 to .4 of an inch. Pale pea green, head paler; dorsal 
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stripe of three white lines, the middle one the finest and most 
clearly defined. The seventh, eighth and ninth rings yellow. 
The posterior subdorsal papilla of the body rings bears two un- 
equal hairs, the anterior but one; above the spiracles and in front 
of them also is a papilla; below the same there are two, from 
which arise long hairs, five from posterior and ten or twelve from 
anterior, these are spread out fan-like; below these a prominent 
longitudinal fold. From the first ring proceed long hairs reach- 
ing over and beyond the head. Hairs all unbranched and plu- 
mose. ‘The body is considerably flattened, so when looking down 
upon it the spiracles from either side may be seen at once, spira- 
cles conical, rings black. 

‘¢The pupa is .3 of an inch in length; light green, some of 
them have a reddish stripe along dorsal part of the abdomen, the 
conical spiracles of such have the same hue. ‘The upper part of 
the rings well clothed, especially at extremities and along the 
lateral ridges. Pupa fastens to a tuft of silk by means of the 
hooks of the last ring. Moth appears through greater part of 
July.” (Kellicott.) 


ALUCITA CINERASCENS. 


Aciptilus cinerascens Wlsm., Pter. Cal. and Ore., p. 57, Plate IIL, fig. 13 
(1880). 

Expanse of wings,19 mm. Head slightly ochreous; palpi very 
short; antennze pubescent, pale ochreous. Thorax whitish, espe- 
cially in front, where two indistinct dark lines run forward to the 
head. Abdomen pale ochreous. Legs whitish, the fore and mid- 
dle pairs tinged with brown on the inner side. 

Fore wings very pale ochreous, dusted thickly with brownish, 
forming a large spot before the base of the fissure; a subcostal 
spot before the middle and two small costal spots on the outer half 
of the first lobe. Fringes below the apex of first lobe and on the 
apex of the second lobe dark brown; pale subochreous within the 
fissure, with a brownish spot on the hind margin. Hind wings 
and fringes pale cinereous; under side pale brownish. 

Habitat — California. Early stages and food plant unknown. 


Genus PIEROPHORUS Geoff., Hist. Ins., Vol. II., p. 90 (1764). 


Vertex and front smooth; palpi short, not reaching beyond the 
head or but very slightly; porrect, or slightly ascending, the third 
segment short and sometimes bent down a little; antennz with a 
thickened basal segment. Anterior and middle tibize only slightly 
thickened at the end; hind tibize without a thickening of scales. 
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Fore wings fissured about one-third of their length; both lobes 
pointed, the hind lobe in some species with a scarcely perceptible 
anal angle. Feathers of the hind wings unlike in form, with long 
fringes and without a black scale cluster. The upper angle of the 
cell is very acute, formed by the very oblique cross vein. 


SYNOPSIS OF THE SPECIES. 


Ground color of the fore wings snow white, . : : a aay 

| Ground color of the fore wings pale sulphur yellow, 
sulphureodactylus. 
1 | Ground color of the fore wings pale straw color, . 5 alee. 

' \ Ground color of the fore wings cream white, . : ; ote 
Ground color of the fore wings very pale brownish gray, . 6. 
Ground color of the fore wings ochre yellow, : : a Nie 62 

\ Ground color of the fore wings brown or dark gray, . . 13. 
; Expanse of wings lessthan2l1mm., . . . .  fishit. 
Expanse of wings more than21mm., . . : : Beil ies 
3 ; Expanse of wings between 23 and 25mm., . : . elliottit. 
' (Expanse of wings more than2}mm., . .  . homodactylus. 
; Costa of first lobe of fore wing indistinctly brownish, stramineus. 
Costa of first lobe of fore wing not marked with brown, angustus. 
5. ; Expanse of wings 24mm.,_. ; ; : . . helianthi. 
Expanse of wings 28mm.,_ . : : . lacteodactylus. 
; Fore wings with a brown spot at fhe end of the fdr paleaceus. 
Fore wings unspotted, . . . . tnconditus. 

With three or four terminal brown aya on outer margin of 
7. ; second lobe, . : ‘ ; : : . kellicottit. 
Without this character, . : : ; : : eon 
; Pale ochre yellow without any sey : . » grandis. 
With more or less markings, . : ; enamine) 

An oblique reddish brown shade from oe ” ficenea spot, 
a; ; cretidactylus. 
Without this character, . ‘ : : SLO. 
10. ; Second lobe of a brighter yellow dian the rest of the wing, baront. 
Without this character, . ciate : ae 
11. ; A brown costal streak over the end at fiseunes: ; ; «fg Be 
Without this character, . : . : : 5 . guttatus. 
19 Expanse of wings 28mm.,_ . 5 : ? .  ctneraceus. 

' (Expanse of wings22mm.,_ . 1 8 NORaiasis: 

13. With tuft of scales near middle of etal eps » monodactylus. j 
Without this character, . ; ; : ‘ ; ‘ ee . 

14. ; Expanse of wings lessthan20mm, . . . %tqutnatus. 
Expanse of wings more than20mm. . . . . . I6é: 

15. Costal-region light yellowish brown, . . . .eupatorit, . 
Costal region dark, . : : : : : . : «LBs 

16. Outer fourth of costa mostly white, : . : grisescens. 
Outer fourth of costa with but little white, . ' . lugubris. 
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PTEROPHORUS FISHII. 
Alucita fishiit Fern., Can. Ent., Vol. XXV., p. 95 (1893). 


Expanse of wings, 20 mm. Thorax and abdomen white. Legs 
white slightly tinged with brownish. 

Fore wings white with a few brown scales scattered over the 
costal portion before the fissure, forming a faint costal triangu- 
lar patch, beyond which are two equidistant brown spots on the 
costa. Fringes pure white. Hind wings and fringes pure white. 
Described from one specimen with the head wanting. 

Habitat. — Nevada. Early stages and food plant unknown. 


PTEROPHORUS HOMODACTYLUS. 
Pterophorus homodactylus Walk., Cat. Lep. Het., Vol. XXX., p. 
941 (1864). 
2 Leioptilus hololeucos Zell., Lep. Westk. Am., p. 23 (1874). 
Lioptilus homodactylus Wlsm., Pter. Cal. and Ore., p. 50, Plate 
UL., figs. 8, 9 (1880). 

Expanse of wings, 22-27 mm. Head white, palpi and antennze 
whitish. Thorax and abdomen white. Legs white, slightly tinged 
with cinereous. 

Fore wings white, very slightly dusted on the costa with brown- 
ish scales; a brownish spot before and slightly below the base of 
the fissure; a group of indistinct brownish scales between this and 
the base of the wing; a faint indication of two brownish dots on 
the outer margin. Hind wings and fringes pure white, with a 
silky lustre. In some specimens the brownish spots are absent. 

A variety of this species has the head brown behind and in 
front, the palpi brownish and antenne dingy white. Fore wings 
more heavily dusted with brown scales, fringes tinged at the tips 
around the obsolete anal angle with pale cinereous. Hind wings 
and fringes very pale cinereous. Legs white, first two pairs 
touched with brownish on their inner sides. 

A specimen of this species was sent by Lord Walsingham to 
Professor Zeller, who remarked: ‘‘ Only larger, otherwise agree- 
ing with Lioptilus hololeucos Zeller; on the right anterior wings it 
has also two dots.” © 

Habitat. —South America, California, Oregon. Food, Soli- 
dago, Eupatorium purpureum. 

‘* Larva. — Length, .55 of an inch; pale yellowish green; dorsal 
line sharply defined, white; subdorsal and stigmatal lines similar ; 
the top of each ring from the second to the tenth bears a minute 
circle of white interrupting the dorsal line. The dorsal spaces of 
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each ring from the fourth to the eleventh bear a pair of tubercles 
on either side of the middle line, from these proceed rather long, 
stiff, hoary, smooth hairs; the thoracic and terminal rings have a 
single papilla in place of the pairs. ‘These tubercles stand in a 
light stripe. Below them a single tubercle with similar appen- 
dages; below the spiracles a larger one with a minute one back 
of it bearing three or four hairs, also one above the line of the 
feet. Legs and ventral surface hairy. The anterior half of the 
first ring bears many hairs, which hang over the head somewhat. 
Spiracles round, rim white; back of each there is a short, stiff 
hair. Head almost colorless, except mouth organs and ocelli; 
epicranial suture deep; cranial lobes hemispherical, with scattered 
hairs. 

‘The pupa measures .45 of an inch. It is light pea green, 
turning white before the moth escapes. ‘There is a clear dorsal 
space with an interrupted white line in the middle; also white 
lines on the lateral faces. The tubercles are set with hairs ex- 
actly as in the larva, so the pupa is quite conspicuously clothed ; 
the head and thorax support shorter hairs arising singly from the 
surface; short, dusky hairs stand in rows on the wing covers, ap- 
parently outlining the veins ; there is a similar row on the antenneze 
covers. ‘The pointed cremaster ends with many hooklets, which 
fasten the pupa securely to the leaf, on which a tuft of silk has 
been spun by the larva. The thorax is quite obliquely truncated ; 
seen from below, it is slightly bilobed, rendered so by the promi- 
nent origin of the antennee covers; between the lobes there is a 
slight tufted tubercle.” (Kellicott. ) 


a 


PTEROPHORUS ELLIOTTII. 
Alucita elliottid Fern., Can. Ent., Vol. XXV., p. 95 (1893). 


Expanse of wings, 23-25 mm. Head very pale fuscous. Thorax 
and abdomen whitish fuscous. Legs white. 

Fore wings white, tinged more or less with ochre yellow near 
the base and on the apical third of the costa; a very oblique 
streak of brown scales on the costa near the apex and a dark- 
brown spot before the fissure ; a streak of irregular brown scales 
extends from the base of the wing to the fissure. Fringes white. 
Hind wings pure white, with a few ochre yellow scales scattered 
over the surface in some specimens. Fringes white. 

Habitat. —New York. Early stages and food plant unknown. 
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PTEROPHORUS SUBOCHRACEUS. 
Lioptilus subochraceus Wl1sm., Pter. Cal. and Ore., p. 53, Plate 
IIL, fig. 10 (1880). 
2 Pterophorus lacteodactylus Cham., Can. Ent., Vol. Vx p73 
(1873). 

Having no example of this species from California, I copy Lord 
Walsingham’s description : — 

‘¢ Head whitish above; face and neck brownish; palpi very 
short, not projecting as far as the front of the head; antennz 
whitish ochreous, with the basal joint brown. 

‘¢ Fore wings pale subochreous, without spots or markings, ex- 
cept a rather oblique delicate ferruginous shade above the base of 
the fissure, reaching the costa before the apex; the cilia about the 
dorsal margin of the second lobe are slightly tinged with brownish. 
Hind wings very pale brownish straw color. Legs whitish. 

‘¢ Expanse, 28 mm.” 

Habitat. — California. Early stages and food plant unknown. 

I have the type of lacteodactylus before me, and the head and 
palpi agree perfectly with the above description, but the wings are 
somewhat worn. Without seeing an authentic specimen of sub- 
ochraceus, I do not feel prepared to pronounce them identical. I 
have two specimens from Massachusetts which were supposed to 
be subochraceus, by Mr. Fish, and from which the drawings of the 
genitalia on Plate IV. were made. In these specimens the palpi 
are longer than in lacteodactylus, and I do not think they are the 
same. 

PTEROPHORUS HELIANTHI. 
Lioptilus helianthi Wl1sm., Pter. Cal. and Ore., p. 54, Plate IIL, fig. 11 
(1880). . 

Expanse of wings, 24 mm. Head and thorax whitish; palpi 
brownish; antennze white, dotted with brown above. Abdomen 
whitish. Legs whitish, dotted with brown on the under side of 
the segments.. 

Fore wings cream white, with a few scattered brown scales; a 
brown spot before the base of the fissure and another between 
that and the costa, upon which is a brown line; the apex of each 
lobe sprinkled with brown, and on the apex of the first lobe are 
two or three small brown spots or dashes. Fringes cream white, 
tinged with brown on the outer margin. Hind wings very pale 
cinereous ; fringes slightly darker about the ends of the feathers. 

Habitat. —Southern Oregon. Food plant, Helianthus. 
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PTEROPHORUS STRAMINEUS. 


Lioptilus stramineus Wlsm., Pter. Cal. and Ore., p. 41, Plate IIL, fig. 3 
(1880). 

Expanse of wings, 19 mm. Head yellowish brown above and 
in front, yellowish white between the antenne; palpi and anten- 
ne pale straw color above, brownish beneath. Thorax, abdomen, 
legs and spurs pale straw color. Fore wings straw color, with a 
slightly brownish streak extending from the base along the lower 
half of the wing, and one running obliquely on the costa, pointing 
inward toward a brown spot at the base of the fissure. Fringes 
erayish, slightly tinged with brown. Hind wings and fringes 
pale grayish brown. | 

Habitat. — Southern Oregon. Early stages and food plant un- 
known. 

PTEROPHORUS ANGUSTUS. 
Lioptilus angustus Wlsm., Pter. Cal. and Ore., p. 43, Plate IIL, fig. 4 
(1880). 

Expanse of wings, 18 mm. MHead very pale straw color; palpi 
straw color above, tinged with brownish on the sides; antennze 
whitish, with indistinct ochreous spots above. Thorax and abdo- 
men pale straw color. Legs whitish. 

Fore wings narrow, very pale straw color tinged with ane 
a dark fuscous dot at the base of the fissure. Fringes very ane 
‘straw color except at the outer end of the fissure above and below 
where they are grayish. Hind wings pale cinereous; fringes paler. 

Habitat. — California. Early stages and food plant unknown. 

It differs from stramineus in having no costal streak. 


- PTEROPHORUS SULPHUREODACTYLUS. 


Pterophorus sulphureodactylus Pack., Ann. Lye. Nat. Hist., N. Y., 
Vol. X., p. 266 (1873). 

Lioptilus sulphureus Wlsm., Pter. Cal. and Oriel p. 48, Plate 
IIL, fig. 7 (1880). 

Expanse of wings, 25 mm. Head ochreous. Palpi whitish 
yellow, streaked with ochreous; antennz long, yellowish, tinged 
with fuscous. Thorax and abdomen sulphur yellow, streaked 
with ochreous scales. Legs whitish ochreous, streaked with brown. 

Fore wings with the first lobe produced into a very acute point, 
the second lobe broad halberd-shaped, unspotted, clear sulphur 
~ yellow, slightly tinged with brownish on the outer fourth of the 
costa. A minute brown dot before the base of the fissure. 


: = 
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Fringes pale yellowish white, cinereous on the hind margin. 


Hind wings whitish, thickly dusted with cinereous. Fringes con- 


—eolorous. 


Habitat. — California. Early stages and food plant unknown. 


PTEROPHORUS MATHEWIANUS. 
Leioptilus Mathewianus Zell., Lep. Westk. Am., p. 23 (1874). 


Expanse of wings, 24 mm. Head brownish gray behind; palpi 
whitish gray; antenne dust gray, faintly annulated on the basal 
third with whitish. Thorax and abdomen whitish gray. Legs 
light gray, all the femora and tibiz brownish ochre, lightest on 
hind legs. 

Fore wings pale reddish gray, sprinkled with black scales, es- 
pecially on the margin. A diffuse brown dot on the cell, nearer 
to the base of the wing than to the fissure. Before this is a more 
distinct dot, variable in form and size, and sometimes a pale dot 
at the base of the second lobe. A white longitudinal spot under 
the first-named dot, and before the same an almost pure white 
stripe runs to the fold, where it widens and sends out a slender 
line through the middle of the second lobe to its outer margin. A 
dark-brown line bordered with white on each side runs to the dot 
on the fissure, and a brown indistinct dot rests on the middle of 
the first lobe ; two brown spots on the apex of the second lobe 
and a short brown cross line at the base of the fringes of the outer 
margin. Hind wings clear brownish gray, with a silky luster. 

Habitat. —Vancouver Island. Early stages and food plant un- 
known. 


PTEROPHORUS PALEACEUS. 


Leioptilus paleaceus Zell., Beitr., p. 126 (1873). 

Lioptilus paleaceus. Wism., Pter. Cal. and Ore., p. 41, Plate 
IL, fig. 2 (1880). 

Leioptilus sericidactylus Murtf., Am. Ent., Vol. IIL, p. 235 
(1880). 

Expanse of wings, 21-25 mm. Head yellowish brown, pale 
between the antenne; antennz whitish. Thorax dull yellowish 
white. Abdomen dull yellowish, with fine longitudinal brownish 
lines. Legs yellowish white, with fuscous shadings on the under 
side. 

Fore wings very pale brownish gray, with a brownish spot be- 
fore the fissure. Fringes concolorous with the lobes. Hind wings 
of the same color as the fore wings. Fringes paler, except at the 
apices. 
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Habitat. —Ohio, Illinois, Missouri, Texas, California, Oregon. 
Food, Iron Weed (Vernonia noveboracensis) .: 

An examination of the genitalia of the types of paleaceus and 
also of sericidactylus proves them to be identical. 

‘¢ Larva.— Length, 0.55 inch; diameter, 0.10 inch; form, sub- 
cylindrical. Color when young, dingy white, with a tinge of 
green, becoming at maturity pale glaucous, often varying, espe- 
cially in the late fall brood, to dullsalmon. Dorsal hairs proceed- 
ing from prominent tubercles, and of two sizes in each tuft, each 
of the shorter ones tipped with a minute pellucid bead of viscid 
fluid, to which pollen and bits of leaves often adhere. Lateral 
ridge well defined. Prolegs long and narrow. When mature, the 
larva weaves a dense mat of silk, upon which it extends itself, 
remaining quiescent for two or three days, the dorsal surface 
acquiring, meanwhile, a translucent lilaceous hue, with three 
greenish-white longitudinal stripes, of which the medio-dorsal is 
most distinct and continuous. 

‘¢ Pupa, with ventral surface closely appressed to the mat of 

silk, to which the anal hooks are firmly attached. An upright or 
inverted horizontal position seems to be preferred, although there 
is no thoracic band or other support for the anterior part of the 
body. 
— © Average length, 0.45; diameter, same as larva, tapering 
rather abruptly from seventh abdominal segment backward. Wing 
sheaths narrow, free at the blunt tips. Dorsum with prominent 
subdorsal ridges. Color and markings quite variable. In the 
spring brood commonly dull green, with indistinct lateral yellow 
stripes. _ In the fall brood the dorsum is pale yellow or flesh color, 
with two fine, indistinct, medio-dorsal lines of lilac color; sub- 
dorsal ridge pale, inclining to lilac on outer side. In subdorsal 
Space are two nearly continuous, quite heavy, black or fuscous 
lines, separated by a broad pale stripe, from two narrow, inter- 
rupted dark lines, one beneath, the other above, the stigmata. On 
‘the thorax the dark stripes are represented by two slightly diverg- 
ing dashes on each side. Situated in the subdorsal ridge, at the 
posterior edge of each segment, are a pair of small, geminate, 
piliferous warts, each bearing a sparse tuft of light sprangling 
hairs. The last larval skin, rolled into a little hairy ball, is often 
supported over the back of the chrysalis, raised above it on the 
hairs of the sub-dorsal ridges. The pupa is quite active and 
irritable, striking about in all directions when meddled with.” 
(Murtfeldt. ) 
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PTEROPHORUS AGRAPHODACTYLWUS. 
Pterophorus agraphodactylus Walk., Cat. Lep. Het., Vol. XXX., 
p. 94 (1864). 
Lioptilus agraphodactylus Wlsm., Pter. Cal. and Ore., p. 46, 
Plate IIL., fig. 6 (1880). 

I have not seen this species, and therefore quote Lord Walsing- 
ham’s description : — 

‘¢ Head whitish in front, touched with brownish ochreous towards 
the thorax and in front; antennz whitish, browner beneath; palpi 
very short. Thorax yellowish white. 

‘¢Fore wings remarkably narrow, dirty white, with a faint 
yellowish tinge, streaked longitudinally with faint slender lines of 
brownish gray, apparently following the neuration; the widest and 
most conspicuous of these runs parallel to the costa from the base 
of the wing to the middle of the anterior lobe, where it is diffused 
in a faint shade towards the costa, sending two slender and 
scarcely discernible lines to the apex and inner margin. There 
are two slender brownish-gray lines on the dorsal half of the wing, 
the upper one, coming from the base, passing below the cleft, 
where it throws off a branch beneath and running along the upper 
edge of the second lobe to its apex; the lower coming also from 
the base, and attaining the dorsal margin below the base of the 
cleft. The costa pale; the cilia tinged with gray. Hind wings 
and fringes pale cinereous. Abdomen and legs slightly yellowish 
white. Underside uniformly pale cinereous, except the costa and 
the fringes of the anterior lobe within the fissure which are whitish. 

‘¢ Hxpanse, 25 mm.” 

Habitat. —St. Domingo, Southern Oregon. Early stages and 
food plant unknown. 


PTEROPHORUS INCONDITUS. 


Lioptilus inconditus Wism., Pter. Cal. and Ore., p. 44, Plate IIL, fig. 5 
(1880). 7 
Expanse of wings, 19 mm. Head pale brownish gray, paler 
between the antennz; palpi brownish gray; antenne pubescent, 
whitish, the basal segment enlarged and with a few erect scales on 
its inner side; thorax and abdomen slightly tinged with yellowish. 
Legs yellowish white. 

Fore wings very pale brownish gray or bone color, without any 
markings except faint traces of darker lines upon some of the 
veins. Fringes slightly paler than the wings. Hind wings and 
fringes very slightly darker, with a more decided cinereous tinge. 
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Under side of all the wings brownish gray, with the costal margin 
of the fore wings slightly paler. 

Habitat. — California, Washington, D. C. Early stages and 
food plant unknown. 


PTEROPHORUS PARVUS. 


Lioptilus 2parvus W1sm., Pter. Cal. and Ore., p. 55, Plate IIL, fig. 12 
(1880). 

As I have no example of this species, I quote Lord Walsing- 
ham’s description : — 

‘¢ Head grayish white, a scarcely paler frontal tuft projecting 
slightly above the long, well clothed but sharply pointed palpi, 
which are about twice the length of the head; antennz pubescent, 
orayish. 

‘¢ Fore wings cleft to scarcely one-third of their length, with no 
posterior angle to the the upper lobe, which is rather narrow, acu- 
minate and appressed at the apex, dusty grayish, sprinkled with 
fuscous scales, which form an elongate shade, extending from an 
ill-defined antemedian fuscous dot to the base of the anterior and 
to the apex of the posterior lobe; a small fuscous dot lies imme- 
diately before and slightly below the base of the fissure; there is 
a slight fuscous shade along the posterior margin of the upper 
lobe, of which the-costal portion is.rather pale ochreous; the costa 
itself whitish. The cilia along the apical margin of both lobes are 
grayish, spotted along their base with four or five groups of fus- 
cous scales, of which one is at the extreme apex of the upper lobe. 
The anal angle appears to be slightly more defined in the second 
lobe of the fore wings, and the fissure rather wider at the base 
than is usual in this genus. Hind wings cinereous. Abdomen 
grayish white; the legs whitish, first two pairs touched at the sides 
with grayish fuscous. The first pair of spurs on the hinder tibiz 
are unequal in length; the second pair equal to the longest of the 
other two. 

‘¢ Hxpanse, 15 mm.” 

Habitat. — California. Early stages and food plant unknown. 


PTEROPHORUS KELLICOTTII. 
Lioptilus Kellicottti Fish, Can. Ent., Vol. XIIL, p. 141 (1881). 


Expanse of wings, 28-30 mm. Head ochreous brown, whitish 
between antenne. Palpi rather long and slender, second segment 
with a small tuft of raised scales on the upper side at the extremity. 
Antenne pale ochreous, brownish beneath; thorax and abdomen 
pale brownish ochreous, the latter striped longitudinally with pale 
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brown lines. Fore and middle legs brownish ochreous ; hind legs 
whitish ochreous, tarsi paler. 

_ Fore wings pale ochreous, dusted more or less with brownish 
scales, which in some examples form longitudinal streaks on the 
costa and basal half of the median space; a dark-brown dot on - 
the base of fissure; two brown dashes on the costa near the apex, 
one on the hind margin of first lobe near the apex, usually four at 
the end of the second lobe on veins 2, 38,4 and 5. Fringes con- 
colorous. Hind wings, also under side of all the wings, cinereous 
brown, with a silky lustre. Fringes darker. 

Habitat. — New York. Food, Solidago. 

‘¢ The larva, when first examined, August 22, was .3 of an inch 
long; color light yellow, head and shield darker, the oblique anal 
plate almost black, bearing hairs and hooks ; dorsal and subdorsal 
lines pinkish. By the middle of September it abandons the 
branches, being then .45 of an inch in length, and bores into the 
stalk a few inches above the ground; it makes its way down 
the pith into the roots, well under the ground, where it passes the 
winter. I fetched several examples from the fields in January for 
examination; they were then .58 to .6 of an inch in length, 
lighter in color, with the longitudinal lines of pink brighter than in 
autumn, the eighth segment conspicuously marked on the back by 
pink. There are few hairs over their smooth bodies; on the last 
ring, however, there is a brown or black chitinous disc, with a 
circle of long brown hairs about its circumference; in the centre 
of this dise there is a small papilla, with two stout, straight black 
teeth, pointing rearwards; these teeth are hooked upward in the 
autumn stage. ‘The hairs render the plate sensitive to touch, and 
help to brush fragments from their long, narrow galleries, while the 
teeth assist in backward motion in them. The mature larva ob- 
-tained in May differ but slightly from these, except that they 
are then .7 of an inch long, and the pink stripes and marks are 
brownish. The fourth, fifth and sixth segments are smaller than 
those preceding or following them. They are quite active, moving 
up and down their burrows rapidly. 

6 By the middle of May the caterpillar has worked its way back 
to the place of entrance in autumn, enlarging its way to accommo- 
date its increased size, and, after loosely stopping the upper part 
with a few chips, retires and changes to the pupa. It is then .6 
of an inch in length, slender, cylindrical. Color white, except 
the oblique disc or plate terminating the head, which is made dark 
by many teethb-like elevations on its surface. The abdominal seg- 
ments are clothed with hairs, and the last four segments have each 
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a transverse row of teeth on the dorsal part, reminding one of a 
Tortrix or Cossus pupa. The conical tip of the abdomen has 
many teeth; these teeth, together with the roughness on the head, 
enable the pupa to worm its way up and down the burrow with 
readiness. When removed from the stem to the table, it travels 
about, rolling and worming its way very much as do the pup of 
certain stem-boring beetles. The wing and limb covers are free 
for a considerable distance from their tips.” (Kellicott.) 


PTEROPHORUS GRANDIS. 
Lioptilus grandis Fish, Can. Ent., Vol. XIII, p. 141 (1881). 


Expanse of wings, 84 mm. Head, palpi, antenne, thorax and 
abdomen of nearly a uniform pale brownish-ochreous color. Legs 
brownish ochreous, with tarsi somewhat lighter. 

Fore wings pale brownish ochreous, in some species with a few 
scattered faint brownish dots on the second lobe. Fringes slightly 
darker. - Hind wings very slightly browner than fore wings, with 
the fringes still darker. 

Habitat. —California. Early stages and food plant unknown. 


PTEROPHORUS MONODACTYLUS. 


Alucita monodactyla Linn., Syst. Nat., Ed. X, Vol.I., p. 542 (1758). 

Pterophorus cineridactylus Fitch, N. Y. Rep., Vol. L, p. 848 
(1854). 

Pterophorus nevosidactylus Fitch, N. Y. Rep., Vol. L., p. 849 (1854). 

Pierophorus pergracilidactylus Pack., Aun. Lyc. N. Y., Vol. X., 
p. 265 (1873). 

Pterophorus monodactylus Wl1sm., Pter. Cal. and Ore., p. 39, Plate 
IL, fig. 16; Plate IIL, fig. 1 (1880). 


Expanse of wings, 22-26 mm. Head and thorax pale gray, 
sprinkled with brown scales. Palpi short, tipped with brown; 
antennz grayish white, spotted with fuscous above. Abdomen 
grayish ochreous, striped with fuscous and brown scales on the 
sides; a dorsal row of brown dots, one at the base of each seg- 
ment. Legs grayish, with the joints enlarged and covered with 
brownish hairs; a tuft of scales near the middle of the hind tarsi 
on the side opposite the spurs. 

Fore wings varying from pale grayish to pale reddish brown, 
often mixed with white and sometimes with a few black scales; 
stripes or streaks of dark brown or blackish scales on the costa 
and hind margin; before the fissure a brown spot, sometimes 
tapering to a point toward the base; an elongated spot of brown 
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scales on the costa, half-way between the latter and the apex, with 
two smaller ones between it and the apex; one or more small 
blackish dots on one or both lobes near the apex. Fringes gray- 
ish, tinged with fuscous on the outer third of fissure. Hind wings 
gray or fuscous, with a silky lustre; fringes slightly darker. 

This species is exceedingly variable both in color and markings, 
some examples being very light with but few spots, while others 
are reddish brown. 

Habitat. — Europe; Maine to California. Food, Convolvulus se- 
pium, Convolvulus arvensis, Chenopedium album, Atriplex patula. 

‘s Larva. — Length, when at rest, about five-eighths of an inch, 
and stout in proportion. Head polished and rather small, nar- 
rower than the second segment. Body uniform and cylindrical, 
tapering a little posteriorly. Segmental divisions well defined and 
deeply cut ventrally; each tubercle emits a tuft of short but rather 
strong hairs. Ground color bright yellowish green, more decid- 
edly green on the back; head pale yellow, the mandibles light 
brown. A fine but clear yellowish white line forms the dorsal 
stripe; there is a much broader stripe of the same color along the 
spiracular region, and the space between it and the spiracles is 
prickled with streaks and spots of the same color. Spiracles 
black, hairs grayish. Ventral surface, legs and prolegs uniformly 
pale green. The pupa, although attached by the tail, was laid flat 
along the top of the cage.” (Porritt.) 


PTEROPHORUS CRETIDACTYLUS. 


Pterophorus cretidactylus Fitch, N. Y. Rep., Vol. I., p. 849 (1854). 

Gdematophorus occidentalis W1sm., Pter. Cal. and Ore., p. 37, 

. Plate II., figs. 13, 14 (1880). 

Pierophorus cretidactylus Fern., Can. Ent., Vol. XXV., p. 96 
(1893). 


Expanse of wings, 26 mm. MHead whitish ochreous, slightly 
tinged with fawn color on the front; palpi fawn color; antenne 
whitish, faintly spotted with fawn color; thorax whitish ochreous. 
Abdomen fawn color. Fore and middle legs white, with dark, 
brush-like tufts on the joints; hind legs tinged with fawn color, 
whitish on the inner sides; segments slightly thickened, not annu- 
lated. 

Fore wings whitish ochreous, the costa, apex and hind margin 
tinged with fawn color; a dark fawn-colored spot before the base 
of the fissure, more or less connected obliquely with an elongated 
spot of the same color on the costa; a light space on each side of 


132 AGRICULTURAL COLLEGE. [ Jan. 


the costal spot. Fringes whitish ochreous, tinged with pale fawn 
color. Hind wings and fringes lustrous, pale fawn color. 

Habitat. — New York, California. Early stages and food plant 
unknown. 


PTEROPHORUS EUPATORIIL. 


Gidematophorus cretidactylus Zell., Lep. Westk. Am., p. 22 (1874). 

Gdematophorus cretidactylus Wl1sm.,-Pter. Cal. and Ore., p. 35 
(1880). | 

Gidematophorus cretidactylus Kell., Bull. Buf. Soc., Vol. IV., p. 2 
(1882). | 

Alucita eupatorit Fern., Can. Ent., Vol. XXV., p. 96 (1893). 


Expanse of wings, 22-24 mm. Head dull reddish brown; 
thorax pale brown; legs brown, darker at the middle and ends 
of the tibise; segments of the tarsi white at the base and brown 
at the tips; spurs white in the middle and brown at the tips. 

Fore wings pale ochre yellow, whitest on the costal portion, and 
sprinkled with dark-brown scales to such an extent as to give them 
a wood-brown color. These dark-brown scales form an antefis- 
sural spot, which in some specimens is concave on the outside and 
extended obliquely up and out, nearly reaching a dark-brown cos- 
tal streak over the end of the fissure, beyond which are two costal 
dark-brown spots, the first of which is the smaller. The brown on 
the second lobe sometimes gives this part of the wing a streaked 
appearance. Fringes smoke brown, cut with whitish once on the 
first lobe and twice on the outer margin of the hind lobe. Hind 
wings and fringes brownish cinereous. 

Habitat. — New York, California, Vancouver Island. Food, 
Eupatoriwm purpureum. 

‘6 Larva. — Length, 0.55 of an inch; color of skin greenish, 
striped with wine color and white; hairs dusky, lighter laterally. 
Dorsal line white, interrupted with circles and bordered laterally 
with wine color. That part of the dorsal space in which the 
tubercles stand, much lighter in hue; subdorsal and stigmatal 
lines white, bounded by the same shade as the dorsal. Head 
light green, spiracles ringed with brown. 3 

‘¢ Pupa. — Color, green, ornamented with wine-colored and 
white lines. It has the same size and habits as homodactylus; the 
tubercles are similar. It is a little thicker, the anterior end more 
obtusely truncated and less bilobed. The hairy clothing similar 
to homodactylus, but the hairs not so smooth as in that pupa.” 
(Kellicott.) 
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PTEROPHORUS GUTTATUS. 
(@dematophorus gutiatus Wlism., Pter. Cal. and Ore., p. 36, Plate IL, 
fig. 12 (1880). 

Expanse of wings, 25mm. Head and palpi whitish, sprinkled 
with cinereous, the palpi fuscous at the sides; thorax and abdomen 
whitish cinereous. Hind legs white, with two slightly fuscous 
annulations. 

Fore wings whitish cinereous, paler at the base, dusted with 
fuscous scales toward the costa and hind margin; a white spot, 
generally bordered on the inner edge by two fuscous scales, lies at 
the base of the fissure; another similar spot is sometimes indi- 
cated before the middle of the hind margin. Fringes of the outer 
margin and fissure cinereous fuscous, slightly interrupted with 
whitish. Hind wings pale cinereous. Fringes paler. 

Habitat. — California. Early stages and food plant unknown. 


PTEROPHORUS CINERACEUS. 
Gdematophorus cineraceus Fish, Can. Ent., Vol. XIII, p. 73 (1881). 


Expanse of wings, 28 mm. Front of head dark grayish brown, 
vertex pale cinereous. Palpi grayish brown, ascending, third 
segment short. Antenne cinereous, dotted above with dark brown. 
Abdomen cinereous, marked with reddish-brown scales. Legs 
brownish cinereous, sprinkied with dark-brown scales; a band on 


_ the middle and on the end of the middle tibize dark grayish brown, 


spurs tipped with dark brown; tarsi whitish cinereous, slightly 
brownish at extreme end of segments. 

Fore wings cinereous, tinged with brownish, and very thinly 
sprinkled with dark-brown scales. These scales form a median 
spot before the base of the fissure, bordered on the outside with 
white. A longitudinal brown spot occurs on ‘the costa opposite 
the base of the fissure, and two smaller ones toward the apex. 
Fringes brownish cinereous. Hind wings and fringes brownish 
cinereous. 

Habitat. — Washington. Early stages and food plant unknown. 


PTEROPHORUS BARONI. 
Gidematophorus Baroni Fish, Can. Ent., Vol. XIII, p. 73 (1881). 
Expanse of wings, 30 mm. Front of head brownish cinereous, 


vertex lighter. Palpi rather stout, third segment very short and 
blunt. Antennz pale cinereous, dotted above with dark brown. 
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Thorax and abdomen pale brownish cinereous, the latter marked 
dorsally by a row of fine black dots on each segment beyond the 
third. Anterior and middle femora brownish cinereous, tibize 
grayish, tarsi whitish cinereous. Hind femora and tibiz pale 
brownish cinereous, spurs short, tipped with black. 

Fore wings brownish cinereous, ochreous on the inner margin 
and second lobe, the whole surface sprinkled with fine black scales. 
Fringes concolorous with the wings. Hind wings and fringes dark 
cinereous. 

Habitat. — California. Early stages and food plant unknown. 


PTEROPHORUS GRATIOSUS. 
Gdematophorus gratiosus Fish, Can. Ent., Vol. XIIL., p. 73 (1881). 


Expanse of wings, 22 mm. MHead and palpi dark brown; an- 
tenne pale brownish, dotted above with white and dark-brown 
scales. Thorax grayish brown, anterior portion lighter. Abdo- 
men fawn brown. Legs grayish brown, tarsi pale cinereous, 
slightly darker on the extremities of segments. 

Fore wings pale cinereous, dusted with dark brown; an oblique 
brown spot occurs before the base of the fissure and a longitudinal 
brown costal line nearly opposite the base of fissure. Fringes 
concolorous with wings. Hind wings and fringes brownish cin- 
ereous, third feather whitish. 

Habitat. — California. Early stages and food plant unknown. 


PTEROPHORUS LUGUBRIS. 
Gidematophorus lugubris Fish, Can. Ent., Vol. XIII, p. 140 (1881). 


Expanse of wings, 27-29 mm. Head and palpi dark smoky 
brown. Antennz dotted above with white and blackish scales. 
Thorax light smoky brown. Abdomen slender, dark smoky 
brown, thickly sprinkled with very dark scales. Legs grayish 
brown, the middle tibize whitish just before the middle and end; 
all the tarsi whitish at base of joints; spurs whitish at base. 

Fore wings dark smoky gray, dusted with dark brown scales; a 
longitudinal black dash on the costa, opposite the base of fissure ; 
an obscure blackish spot before the base of fissure, bordered out- 
wardly by gray scales. Faint indications of two smaller blackish 
spots on the costal margin of anterior lobe. Fringes smoky gray, 
with a few whitish hairs on the hind margin of anterior lobe near 
the apex. Hind wings and fringes, as well as under side of wings, 
cinereous. 

Habitat. — California. Early stages and food plant unknown. 
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PTEROPHORUS GRISESCENS. 


C@dematophorus grisescens Wlsm., Pter. Cal. and Ore., p. 34, Plate IL., 
fig. 11 (1880). 


Expanse of wings, 29 mm. Head and palpi gray, with a fus- 
cous tinge on the apex of the palpi. Antenne spotted with gray 
and fuscous. Thorax and abdomen grayish, sprinkled with fus- 
cous. Legs grayish white, tinged on the segments and on the tips 
of the spurs with fuscous. 

Fore wings gray, slightly spotted with white and dusted with 
fuscous scales, the hind portion touched with ferruginous. A 
white space on the costa before the base of the fissure, and another 
beyond and obliquely connected by whitish scales with the base of 
fissure ; a whitish spot before the middle of the hind margin and 
an indistinct fuscous spot above it. Fringes mottled with white 
and grayish fuscous. Hind. wings cinereous; fringes whitish 
mixed with gray. 

Habitat. — Southern Oregon. Food, Artemisia. 


PTEROPHORUS INQUINATUS. 


@dematophorus inquinatus Zell., Beitr., p. 125 (1878). 
(dematophorus ambrosie Murtf., Am. Ent., Vol. IL, 
p. 236 (1880). 


Expanse of wings,19 mm. Head and thorax gray, spotted with 
white; palpi small, porrect, acute, whitish, touched with brown 
outwardly. Antennz whitish, spotted with brownish, white at the 
base on the under side. Abdomen gray. 

Fore wings dust gray, thickly dusted with white and brown 
scales, forming scattered flecks or blotches, one of which is gen- 
erally present on the middle of the space between the base of the 
wing and the fissure; a larger one before the fissure and separated 
from it by a whitish space, against which its oblique outer margin 
is excavated; below this is a longitudinal streak of scales, bor- 
dered basally by a white spot and separated from the spot before 
the fissure by a whitish space. ‘Two blackish streaks or spots oc- 
cur on the costa, the larger one above the base of fissure, the other 
half-way between it and the apex of the wing. Fringes grayish, 
cut with white under the apices of the lobes and on the anaj 
angles, where there is a white wisp. A similar wisp before the 
apex and on the anal angle of the second lobe. A brown dot 
sometimes rests on the base of each of the three wisps. Hind 
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wings brownish gray, a diffuse brown dot on the apex of each 
feather or at least on the first. Fringes brighter. 

Habitat. — Alabama, Texas, Missouri, Colorado, Arizona. Food, 
Rag-weed (Ambrosia artemisicfolia) . 

‘¢ Larva. — Length, 0.35; diameter, 0.09. Form depressed. 
Color, pale greenish gray, with very characteristic dark markings 
and lateral tufts of long, white silken hairs. Head small, light 
brown, corneous, retractile. Segment 1 with a dilated, partially 
free shield-like collar, covering top and projecting over the head. 
The ornamentation of this collar consists of five central. minute 
brown dots, with four still smaller black ones on each side, from 
each of which proceeds a short curving bristle. The project- 
ing edges fringed with soft light hairs. Segments 2 and 3 
gradually broadening backward, ornamented on dorsum with two 
oblong, pale, brown spots on either side of a triangle of very 
minute black dots, and having a larger black dot on each outer 
side. Two short bristles arise from each of the more conspicuous 
spots. . Abdominal segments each with four somewhat elevated 
brown spots, from which proceed single, short, backward-cury- 
ing bristles. Between the posterior pair of brown spots are two 
smaller black ones, each of which forms the base of a very short 
clubbed piliferous process, which turns backward, resting flat upon 
the surface. 

‘©The stigmata are annulated with black, and obliquely above 
and forward of each are two small brown dots. ‘The lateral tufts 
are below the stigmata, and each is composed of from seven to 
nine long hairs, which under the lens are remotely pectinate. A 
little above and back of each of these tufts is a semicircle of fine, 
scale-like bristles. The prolegs are very short. 

‘¢ Pupa.— Length, 0.25. Swollen and blunt anteriorly. Color, 
pale fulvous, with a roseate hue on dorsum. Dorsal surface beset 
with tufts of dingy hairs, with a lateral fringe of single straight 
hairs, which serve to secure it more firmly to the mat of silk upon 
which it rests. Dorsum marked near the head with two large, 
dull-brown spots, and an indistinct longitudinal stripe of the same 
color on the abdomen. On either side of the thorax is a small, 
velvety dark-brown dot.” (Murtfeldt.) 


Genus STENOPTILIA Hib., Verz., p. 430 (1826). 


Vertex smooth ; front cone shaped, smoothly scaled; palpi ex- 
tending beyond the frontal projection, the second segment some- 
what triangular, with projecting scales above at the end, the third 
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segment very small and cylindrical. Fore wings fissured about 
one-third of their length, the lobes narrow and with very oblique 
outer margins, but with more or less distinctly visible anal angles. 
The feathers of the hind wings are dissimilar in form: the first is 
the widest; the second is smaller, and has a long, produced apex ; 
the third is linear, without dark scales in the hind fringe. The 
venation is complete, as shown on Plate III., figs. 1 and 2. 


SYNOPSIS OF THE SPECIES. 


§ Expanse of wings less than 15 mm., ; : : .  pumilio. 
2 Expanse of wings more than 15 mm., _. ; , 2: 
; With a dark-brown streak on the middle of first lab, ; . 3. 
Without a dark streak on the middle of first lobe, . pterodactyla. 
Second lobe without any trace of a brown streak, . exclamationis. 

3 } Second lobe with a more or less complete brown streak, 
semicostata. 


STENOPTILIA PUMILIO. 
Mimeseoptilus pumilio Zell., Beitr., p. 124 (1873). 


Expanse of wings, 12 mm. MHead reddish gray, front whitish; 
palpi very thin, filiform, horizontal, whitish. Antenne pale gray, 
white towards the base on the outside. Thorax reddish gray. 
Abdomen yellowish white at the base and end. Legs slender, 
white, the first pair of spurs on hind tibize unusually long. 

Fore wings unusually short and broad, very bright fawn color, 
darkest on the costal margin of the anterior lobe; costal vein 
white for two thirds of its length; a long blackish streak on the 
fold at the basal fourth of the wing; a long, conspicuous point in 
the middle between this and the fissure, and before these one or 
two long, confused flecks. Fringe of anterior lobe white or gray, 
with scattered black scales, with two black, somewhat commingled 
dots on the outer margin near the anal angle. Fringe of the 
second lobe gray, thickly sprinkled with deep black scales, which 
are united with three black spots on the hind margin; at the apex 
it is whitish, and marked with a row of unequal, somewhat com- 
mingled dots, which do not reach to the base of the fringe. Hind 
wings brownish gray, with much lighter.fringes. On the apex of 
the first and second feathers a small black dot may be seen in cer- 
tain lights, most distinct on the under side, where the apex of the 
third feather is dark brown. 

Habitat.— Texas. Early stages and food plant unknown. 


138 AGRICULTURAL COLLEGE. _ [Jan. 


STENOPTILIA PTERODACTYLA. 
Alucita pterodaciyla Linn., Faun Suec., p 371 (1761). 


Expanse of wings, 21-24 mm. Head ashy brown; palpi long, 
acuminate, whitish at the tips; antennz brownish above, whitish 
beneath. Thorax ashy brown, with a few darker scales. Abdo- 
men fuscous, striped with pale ochreous lines and with a few dark- 
brown dots at the ends of the segments. Legs ochreous brown on 
the outside, whitish on the inner sides, tarsi very pale ochreous. 

Fore wings reddish brown, the entire costa and the apex of the 
second lobe heavily sprinkled with dark-brown scales; a dark- 
brown reniform spot at the base of the fissure. Fringes ashy 
brown, with a very pale line at their bases. Hind wings fuscous 
with ashy brown fringes. 

Habitat. —New York. Food, Speedwell ( Veronica chame- 
drys) . 

‘¢ Larva. — Length, about five-eighths of an inch, and scarcely 
so stout as seems usual in the genus. Head small, and narrower 
than the second segment; it is polished, rather flat in front, but 
rounded at the sides. Body cylindrical, of fairly uniform width, 
but tapering a little at the extremities; segmental divisions well 
defined; the skin, with a soft and half-transparent appearance, 
is sparingly clothed with short hairs. There are two varieties, 
which are perhaps about equally numerous. In one of them the 
ground color is a bright grass green; in the other it is equally 
yellow green; in both forms the head is pale yellowish brown, 
very prettily reticulated with intense black. The dark-green, or, 
in some of the specimens, dark-brown alimentary canal forms the 
dorsal stripe; subdorsal lines rather indistinct, grayish white; 
below there is a still more indistinct waved line of the same color; 
there is, again, a similarly colored faint line along the spiracular 
region, and the ségmental divisions are also of this pale color. In 
some specimens the hairs are gray; in others, brown. Ventral 
surface uniformly of the same color as the ground of the dorsal. 
area; the legs reticulated and the prolegs tipped with black. 

‘¢ Pupa. — The pupa is attached by the tail only, is rather long, 
but slender. The head, which is the thickest part, is abruptly 
rounded, and has the snout very prominent; thorax and abdomen 
rounded above, rather flattened beneath, and attenuated strongly 
to the anal point; eye, leg and wing cases fairly prominent, the 
last prolonged a considerable distance over the abdominal seg- 
ments.” (Porritt.) 
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STENOPTILIA EXCLAMATIONIS. 


Mimeseoptilus exclamationis W1sm., Pter. Cal. and Ore., p. 32, Plate II., 
fig. 10 (1880). 


Expanse of wings, 22 mm. Head and palpi above, gray, with 
brown scales on the sides and beneath the palpi; thorax gray, 
with a brown spot on the top. Antenne brownish gray. Abdo- 
men ochreous brown. Legs brownish above, whitish beneath ; 
feet white. 

Fore wings gray, sprinkled with fuscous; costa fuscous; a row 
of fuscous spots runs from the base along under the cell for one- 
third the length of the wing; a small fuscous dash under the costa 
before the middle. Two fuscous spots before the end of the fis- 
sure, and beyond them, on the first lobe, a fuscous dash, pointing 
toward the upper spot, both together forming an exclamation 
point; above, the costa is spotted with fuscous. Fringes around 
the fissure white; along the outer margin cinereous, with a fus- 
cous line at their base, but interrupted with white on the middle 
of the anterior and at the upper angle of the posterior lobe. Hind 
wings fuscous, with brownish scales. Fringes brownish. 

Habitat. — California, Oregon. Early stages and food plant 
unknown. 


STENOPTILIA SEMICOSTATA. 
Mimeseoptilus semicostatus Zell., Beitr., p. 123 (1873). 


Expanse of wings, 18 mm. Head grayish, with a fine white 
line above the eyes. Antenne grayish, white toward the base. 
Thorax dusted with brown in front, whitish behind. Abdomen 
slender, pale yellowish, with two black dots on the end of each of 
the three segments before the last. Legs whitish. 

Fore wings brownish gray, shading into pale reddish ochre along 
the hind margin and upon both lobes. In the middle of the space, 
between the base and the fissure, is a black dot. At the fissure, 
at the beginning of the second lobe, is a similar dot, and above it, 
in one example, is a larger but very distinct wisp-like mark. One 
example has in the middle of each lobe a fine, brown longitudinal 
streak ; upon the first lobe it is short and in the middle, upon the 
second it is long and reaches quite to the hind margin. Fringes 
of hind margin of first lobe whitish at the base, gray outwardly ; 
fringe of outer margin pure white with two black dots, one behind 
the other. Fringes of second lobe gray, dark outwardly except at 
the apex, where they are white with two black dots. Hind wings 
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brownish gray; fringes dark gray, with a clear fine line at their 
base and around the apex of the first two feathers. | 
Habitat. — Texas. Early stages and food plant unknown. 


ORNEODID. 


This family is not so closely related to the Pterophoride as was 
supposed by the early entomologists, and is introduced here merely 
because there is only a single species known in this country; and, 
as it is placed near the Pterophoridz in collections, generally, it 
may be convenient to treat of it here. 

Mr. Meyrick has given the following characters : — 

Ocelli distinct. Tongue developed. Maxillary palpi obsolete. 
Fore wings six-cleft, cell very short, vein 5 absent, 7 separate, 8 
and 9 coincident. Hind wings six-cleft, cell very short, 5 absent, 
7 out of 6 near origin, 8 free. 


Genus ORNEODES Latyr., Prec. d. Car., p. 148 (1796). 


Labial palpi long, obliquely ascending, second segment tufted, 
third segment long and slim. Veins 5, 6,9 and 10 wanting in 
the fore wings. 

The following well-known European species occurs in the 
western part of this country : — 


ORNEODES HEXADACTYLA. | 
Alucita hexadactyla Linn., Syst. Nat., Ed. XII, Vol. IL, 
p. 542 (1758). 
Alucita montana Ckll., MS., Ent. Mon. Mag., Vol. XXV., p. 213 
- (1889). 

Expanse of wings, 13-16 mm. Head and thorax dark gray on 
the outside, whitish beneath and within. 

Fore wings ochreous gray, with two dark-gray bands edged 
with whitish crossing them; the first on the middle of the wing 
and wider on the costa, where it is interrupted in the middle by a 
white-edged gray spot; the second is subterminal, and wider on 
the middle of the wing. A dark spot on the costa between the 
bands, and two others before the first band. A dark-brown or 
black dot on the apex of each of the feathers of both wings; 
feathers of the hind wings whitish and dotted with dark gray. 

Habitat. — Europe ; Missouri, California, Oregon, Canada, Mani- 
toba. Food, Lonicera. 

The eggs are laid in the early spring, on the flower-buds of the 
honey-suckle, and the larvee, when hatched, feed inside of the buds 
and flowers. 
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EXTERNAL ANATOMY OF PTEROPHORUS MONODACTYLUS. 


Explanation of Plate I. 


[ All the drawings enlarged. | 


Side view of denuded body of male. 
Top view of denuded body of male. 
Top view of head. 

Front view of head. 

Labial palpus. 

Base of tongue and labrum. 
Antenna of male. 

Fore leg. 

Tibial epiphysis. 

Middle leg. 

Hind leg. 

Portion of hind tibia, showing tuft of scales. 


Claw from the hind leg. 


[J an. 
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Plate I. 


144 AGRICULTURAL COLLEGE. (Jan. 


Explanation of Plate II. 


Fig. 1. Fore wing of Platyptilia carduidactyla, showing veins numbered. 4A, 
apex of first lobe; B, anal angle of first lobe; C, apex of second lobe; D, anal 
angle of second lobe. 

Fig. 2, Hind wing of Platyptilia carduidactyla, showing veins numbered. 

Fig.3. Fore wing of Oxyptilus periscelidactylus. 

Fig. 4. Hind wing of Oxyptilus periscelidactylus. 

Fig.5. Fore wing of Alucita cinerascens. 


Fig. 6. Hind wing of Alucita cinerascens. 
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Plate ITI. 
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Fig. 1. 
Fig. 2. 
Fig. 3. 
Fig. 4. 
Fig. 5. 
Fig. 6. 


Explanation of Plate ITI. 


Fore wing of Stenoptilia exclamationis. 
Hind wing of Stenoptilia exclamationis. 
Fore wing of Pterophorus monodactylus. 
Hind wing of Pterophorus monodactylus. 
Fore wing of Pterophorus inquinatus. 


Hind wing of Pterophorus inquinatus. 


(Jan. 
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Plate III. 
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Explanation of Plate IV. 


MALE GENITALIA OF PTEROPHORIDA. 


| Parts of the genitalia: A, dorsal plate; B, uncus; C, clasp; D, ventral plate; #, elongated 


internal chitinous appendage. | 


Pterophorus homodactylus, side view. 
Pterophorus homodactylus, top view. 
Pterophorus inquinatus, side view. - 
Pterophorus inquinatus, top view. . 
Pterophorus Kellicottii, view of inside of left clasper. 
Pterophorus kellicottii, top view. 


Pterophorus stramineus, side view. 


. Pterophorus stramineus, outside of left clasper. 


Pterophorus subochraceus, side view. 
Pterophorus sulphureodactylus, side view. 
Pterophorus sulphureodactylus, dorsal plate. 
Pterophorus lugubris, view of inside of left clasper. 


Pterophorus lugubris, top view. 
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Plate IV. 
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Fig. 1 
Fig. 2 
Fig. 3 
Fig. 4 
Fig. 5. 
Fig. 6 
Fig. 7 
Fig. 8 
Fig. 9 
Fig. 10. 
Fig. 11. 
Fig. 12. 
Fig. 13. 
Fig. 14< 
Fig. 15. 
Fig. 16. 
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Explanation of Plate V. 


MALE GENITALIA OF PTEROPHORIDZ 


Oxyptilus periscelidactylus, side view. 
Oxyptilus periscelidactylus, view from beneath. 
Pterophorus sulphureodactylus, side view. 
Pterophorus sulphureodactylus, top view of dorsal plate. 
Pterophorus cineraceus, side view. 
Pterophorus cineraceus, top view of dorsal plate. 
Platyptilia adusta, side view. 

Platyptilia adusta, top view. 

Pterophorus grandis, side view. 

Pterophorus grandis, top view. 

Alucita montana, side view. 

Alucita montana, top view. 

Trichoptilus ochrodactylus, side view. 
Trichoptilus ochrodactylus, top view. 
Pterophorus eupatorii, side view. 


Pterophorus eupatorii,.top.view of.dorsal plate.and-uncus. ~~ <~ 
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Explanation of Plate VI. 


MALE GENITALIA OF PTEROPHORIDZ. 


Fig. 1. Oxyptilus ningoris, side view. 
Oxyptilus ningoris, top view. 


Oxyptilus ningoris, view from beneath. 


2 
3 
Fig. 4. Oxyptilus tenuidactylus, side view. 
5. Oxyptilus tenuidactylus, top view. 
6. Oxyptilus tenuidactylus, view from beneath. 
7. Oxyptilus delawaricus, side view. 
Fig. 8. Oxyptilus delawaricuws, top view. 
Fig. 9. Pterophorus cretidactylus, side view. 
Fig.10. Pterophorus cretidactylus, top view of dorsal plate 
and uncus. 
Fig.i1. Orneodes hexadactyla, side view. 
Fig.12. Orneodes hexadactyla, top view. 
Fig. 13. Orneodes hexadactyla, view from beneath. 
Fig.14. Pterophorus ambrosia, side view. 
Fig. 15. Pterophorus ambrosie, top view. 
Fig. 16. Pterophorus ambrosie, view of inside of right clasper. 


Fig.17. Pterophorus ambrosie, view of inside of left clasper. 
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Plate VI. 
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Explanation of Plate VII. 


GENITALIA OF PTEROPHORIDA. 


Fig. 1. Pterophorus monodactylus, side view. 

Fig. 2. Pterophorus monodactylus, top view. 

Fig. 38. Pterophorus monodacty1lus, inside view of right clasper. 
Fig. 4. Pterophorus monodactylus, inside view of left clasper. 
Fig. 5. Pterophorus monodactylus, female. 

Fig. 6. Platyptilia edwardsii, side view. 

Fig. 7. Platyptilia edwardsii, top view. 

Fig. 8. Platyptilia carduidactyla, side view. 

Fig. 9. Platyptilia carduidactyla, top view. 

Fig.10. Platyptilia carduidactyla, view of inside of left clasper. 
Fig.11. Platyptilia carduidactyla, ventral plate. 

Fig.12. Trichoptilus lobidactylus, side view. 

Fig.13. Trichoptilus lobidactylus, top view. 


Fig.14. Trichoptilus lobidactylus, outside view of left clasper. 
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Plate VII. 
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Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
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Explanation of Plate VIII. 


MALE GENITALIA OF PTEROPHORID. 
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Pterophorus elliottii, side view. 
Pterophorus elliottii, top view. 
Stenoptilia exclamationis, side view.* 
Stenoptilia exclamationis, top view.* 
Platyptilia albidorsella, side view. 
Platyptilia albidorsella, top view. 
Platyptilia albidorsella, end view of uncus. 
Platyptilia tesseradactyla, side view. 
Platyptilia tesseradactyla, top view. 
Platyptilia albida, side view. 
Platyptilia albida, top view. 
Platyptilia albicans, side view. 
Platyptilia albicans, top view. 
Platyptilia percnodactyla, side view. 
Platyptilia percnodacty la, top view. 


* The uncus is wanting in the specimens from which these drawings were made. 
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Explanation of Plate IX. 


MALE GENITALIA OF PTEROPHORID. 


Fig. 1. Platyptilia cosmodactyla, side view. 

Fig. 2. Platyptilia cosmodactyla, top view. 

Fig. 3. Platyptilia cosmodactyla, end of uncus. 

Fig. 4. Platyptilia marginidactyla, side view. 

Fig. 5. Platyptilia marginidactyla, top view. 

Fig. 6. Platyptilia albiciliata, side view. 

Fig. 7. Platyptilia albiciliata, top view. 

Fig. 8. Platyptilia albiciliata, end of uncus. 

Fig. 9. Alucita cinerascens, side view. 

Fig 10. Alucita cinerascens, top view. 

Fig.11. Alucita cinerascens, view of an internal chitinous piece. 
Fig.12. Pterophorus guttatus, side view. 

Fig. 13. Pterophorus guttatus, top view of dorsal plate. 
Fig. 14. Platyptilia ochrodactyla, side view. 

Fig.15. Platyptilia ochrodactyla, top view. 
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HATCH EXPERIMENT STATION 


OF THE 


MASSACHUSETTS AGRICULTURAL COLLEGE, 


AMHERST, MASS. 


By act of the General Court, the Hatch Experiment Sta- 
tion and the State Experiment Station have been consoli- 
dated under the name of the Hatch Experiment Station 
of the Massachusetts Agricultural College. Several new 
divisions have been created and the scope of others has 
been enlarged. To the horticultural has been added the 
_duty of testing varieties of vegetables and seeds. The 
chemical has been divided, and a new division, ‘*‘ Foods and 
Feeding,” has been established. The botanical, including 
plant physiology and disease, has been restored after tem- 
porary suspension. 

The officers are : —~ 


Henry H. Goope.t, LL.D., 5 : - Director. 

Wi.iAM P. Brooks, Ph.D., ° . Agriculturist. 

GEORGE E. Stone, Ph.D., . - . Botanist. 

CHARLES A. GOESSMANN, Ph.D., LL. D., . Chemist (fertilizers). 

JosEPH B. LinpsEy, Ph.D., ; : - Chemist (foods and feeding). 
CHARLES H. FERNALD, Ph.D., A . - Entomologist. 

SAMUEL T. MAynaRD, B.Sc., ; - Horticulturist. 

J. E. OSTRANDER, C.E., : : - Meteorologist. 

Henry M. Tuomson, B.Sc., : - . Assistant Agriculturist. 

RaupH E. SmituH, B.Sc.,_ . - 3 . Assistant Botanist. 

Henri D. Haskins, B.Sc., . : : . Assistant Chemist (fertilizers). 
CHARLES I. GoESSMANN, B.Sc., . ° . Assistant Chemist (fertilizers). 
GEORGE D. LEAVENS, B.Sc., ; : . Assistant Chemist (fertilizers). 
Epwarkp B. Houuann, B.Se.,_ . : . Assistant Chemist (foods and feeding). 
FRED W. Mossman, B.Sc., . ‘ , . Assistant Chemist (foods and feeding). 
BENJAMIN K. Jonzs, B.Sc., : ° . Assistant in Foods and Feeding. 
RoBeErtT A. Coo ey, B. Sc., : : . Assistant Entomologist. 

Gy A. DREW, B.Sc., . - ‘ . Assistant Horticulturist. 

H. D. Hemenway, B.Sce., . = ; . Assistant Horticulturist. 


H. H. Roper, B.Se., . : - 3 . Assistant in Foods and Feeding. 
A.C. MonaHAN, . ° ’ s “ » Observer. 
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The co-operation. and assistance of farmers, fruit growers, 
horticulturists and all interested, directly or indirectly, in 
agriculture, are earnestly requested. Communications may 
be addressed to the ‘*‘ Hatch Experiment Station, Amherst, 
Mass.” 


The following bulletins are still in stock and can be 
furnished on demand : — 


No. 27. Tuberculosis in college herd; tuberculin in diagnosis; 
bovine rabies; poisoning by nitrate of soda. 

No. 28. Canker, army and corn worms; red-humped apple-tree 
caterpillar; antiopa butterfly; currant stem girdler; 
imported elm-bark louse ; greenhouse orthezia. 

No. 29. Fungicides and insecticides ; new spraying pump ; apney 
ing calendar. 

No. 38. Glossary of fodder terms. 

No. 35. Agricultural value of bone meal. 

No. 36. Imported elm-leaf beetle; maple pseudococeus ; abbot 
sphinx; San José scale. 

No. 37. Report on fruits, insecticides and fungicides. 

- No. 88. Fertilizer analyses ; composition of Paris green; action 
of muriate of potash on the lime resources of the soil. 

No. 41. On the use of tuberculin (translated from Dr. Bang). 

No. 42. Fertilizer analyses; fertilizer laws. 

No. 43. Effects of electricity on germination of seeds. 

No. 44. Variety tests of fruits; tests of vegetable seeds. 

No. 45. Commercial fertilizers; fertilizer analyses; fertilizer 
laws. 

No. 46. Habits, food and economic value of the American toad. 

No. 47. Field experiments with tobacco. 

No. 48. Fertilizer analyses. 

No. 49. Fertilizer analyses. 

Special bulletin, — The brown-tail moth. 

Index, 1888-95. 


Of the other bulletins, a few copies remain, which can 
only be supplied to complete sets for libraries. 

The work during the year has been unusually diversified 
in its character and importance, a result of the numerous 
problems sent in for solution. In the agricultural division, 
soil tests with corn and potatoes grown in several localities 
have been continued; a comparison of different fertilizers 
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has been made; ‘‘ Nitragin” has again been tried, with neg- 
ative results; and an interesting test has been carried on of 
twenty varieties of corn, eighty-one of potatoes, sixty of 
grasses, twenty-one of millets and four of clover. 

In the division of chemistry (fertilizers), aside from the 
six hundred analyses of licensed fertilizers and manurial 
substances, valuable work has been done for the tobacco- 
growers of the Connecticut valley in the analyses of tobacco 
leaves grown with different fertilizers, testing of the quality 
of ash and burning quality, and suggestions as to methods 
of planting, fertilizers to be employed and mechanical prep- 
aration of the soil. 

In the botanical division, investigations have been carried 
on of the brown rot of stone fruit, the chrysanthemum rust, 
the leaf blights of certain native trees, as the sycamore, 
butternut, chestnut and black cherry, with recommendations 
of treatment for the brown rot and chrysanthemum rust. 

The horticultural division has continued its work of test- 
ing varieties of fruit and seeds of vegetables, and has entered 
upon an investigation of the use of hydrocyanic acid as an 
insecticide. 

From the entomological division have issued two impor- 
tant bulletins on the habits, food and economic value of the 
American toad and the brown-tail moth. A monograph on 
the plume-moths (some varieties of which attack plants of 
economic value and those raised for ornamental purposes) 
has been completed. The superiority of spraying for the 
canker worm over ink bands and oil troughs has been dem- 
onstrated, and investigations carried on of new insecticides 
with which to assail the gypsy moth. 

A series of observations for the electrical determination 
of moisture in the soil, in connection with the growth 
of corn, were undertaken by the meteorological division. 
Owing to breaks in the circuit and other causes that made 
the instrument fail to work, and the abnormally wet weather 
of the summer, the results were not entirely satisfactory, 
and the observations will be repeated the coming season. 

Three investigations in the division of foods and feeding 
are worthy of special note: (a) On the comparative values 
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of corn meal and hominy and cerealine feeds for pork pro- 
duction, when fed in combination with skim-milk. It was 
found that the pigs did quite as well on these feeds as on an 
equal amount of corn meal. (6) On salt-marsh hay. It 
was found to possess less feeding value than English hay, 
but, combined with grain and ensilage, produced nearly as 
much milk and butter as an equal amount of English hay 
thus combined. (c) On cotton-seed feed as a hay substi- 
tute for milch cows. More energy was used up in its di- 
gestion than in hay, and it was concluded that Massachusetts 
farmers would derive no benefit from feeding this material 
in place of hay. 

Reports of the different divisions, giving in detail the 
work of the year, accompany this brief summary. 
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OF GEORGE F. MILLs, Treasurer OF THE HATCH EXPERIMENT STATION 
OF MASSACHUSETTS AGRICULTURAL COLLEGE, 


For the Year ending June 30, 1897. 


Cash received from United States treasurer, 


Cash paid for salaries, 
for labor, 
for publications, : 
for postage and stationery, . 
for freight and express, 
for heat, light and water, 


for seeds, plants and sundry supplies, . 


for feeding stuffs, 
for library, 


for tools, implements te Fagen es : 


for furniture and fixtures, 
for scientific apparatus, 
for live stock, 

for travelling expenses, 
for contingent expenses, 
for building and repairs, 


Cash on hand July 1, 1896, 
Received from State treasurer, 
from fertilizer fees, 
from farm products, 
from miscellaneous sources, . 


Cash paid for salaries, 

: for labor, 
for publications, : 
for postage and stationery, . 
for freight and express, 
for heat, light and water, 


Amount carried forward, 


- $5,087 
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33 
226 
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352 
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$12,740 97 


$18,087 01 
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Amount brought forward, : : : $12,740 97 
Cash paid for chemical supplies, . ‘ ‘ . 592 48 
for seeds, plants and sundry supplies,. 515 54 

for fertilizers, ; ; ‘ 3 . 1,074 41 

for feeding stuffs, . : : ; . 559 24 

for library, . : : ; 61 82 

for tools, implements and machinery, . 28 62 

for furniture and fixtures, . ; . |) oe 

for scientific apparatus, : : . 857 48 

for live stock, : : ‘ ; ». Boo 4a 

for travelling expenses, . : 12 

for contingent expenses, . 5 . 273 03 

for building and repairs, . : . 1,255 40 

Cash on hand June 30, 1897, : f : : 19 73 


$18,087 01 


AMHERST, Mass., Aug. 30, 1897. 


I, Charles A. Gleason, duly appointed auditor of the corporation, do hereby 
certify that I have examined the books and accounts of the Hatch Experiment 
Station of the Massachusetts Agricultural College for the fiscal year ending June 30, 
1897; that I have found the books well kept and the accounts correctly classified as 
above; and that the receipts for the year are shown to be $33,087.01, and the corre- 
sponding disbursements $33,067.28. All the proper vouchers are on file and have 
been by me examined and found to be correct, there being a balance of $19.73 on 
accounts of the fiscal year ending June 30, 1897. 

CHARLES A. GLEASON, 
Auditor. 


ee 
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REPORT OF THE AGRICULTURIST. 


WILLIAM P. BROOKS. 


Som TESTS. 


Four soil tests upon the plan heretofore followed were 
attempted during the past year; viz., with corn in Norwell 
and Montague, with potatoes and with onions (and later 
cabbages.) upon our home grounds. Only the tests in Nor- 
well and with potatoes upon our home grounds were suc- 
cessfully carried through. 

Unfavorable weather conditions destroyed the onions and 
cabbages upon our south soil-test acre. The field was sown 
to white mustard late in July. But four plots furnished 
sufficient growth to cut and weigh; viz., lime plot, 1 
pound; manure plot, 425 pounds; nitrate and dissolved 
bone-black, 45 pounds; potash and dissolved bone-black, 
25 pounds; nitrate, dissolved bone-black and potash plot, 
255 pounds,—all green weights. 

The field has now been used nine years in soil-test work, 
and we have a high degree of one-sided exhaustion on most 
of the plots. The close dependence of the mustard upon a 
supply of phosphoric acid (furnished by the bone-black) is 
brought out, as was the case in 1895; but phosphoric acid 
alone can no longer produce any growth of mustard upon 
this soil. The addition of either nitrogen or potash helps 
it, the former most; but not much growth is produced un- 
less all three are supplied. 

The soil test with corn in Montague was ruined by wire 
and cut worms. As nearly as could be determined from the 
portion of the crop left, nitrogen seemed the most neces- 
sary element upon this soil. 
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1. Soil Test with Corn. Norwell. 


This is the second year of soil-test work in this field, the 
crop last year also being corn. Last year potash was the 
controlling element; the result this year is the same. Mu- 
riate of potash, at the rate of 160 pounds per acre, gives an 
average increase at the rate of 36.3 bushels of grain and 
2,203 pounds of stover; nitrate of soda, at the same rate 
per acre, gives an average increase of 8.3 bushels of grain 
and 325 pounds of stover; dissolved bone-black, at the rate 
of 320 pounds per acre, gives an average increase of 15.3 
bushels of grain and 455 pounds of stover. Five cords of 
manure increase the crop by 26.4 bushels of grain and 
3,450 pounds of stover per acre; complete fertilizer (ni- 
trate, dissolved bone-black and potash at above rates) gives 
an increase of grain 52.5 bushels and stover 2,455 pounds ; 
lime and plaster both produce apparent small increases. 


2. Soil Test with Potatoes. Amherst. 


The field upon which this test was carried out lies upon 
our own grounds. It has a medium, well-drained loam, and 
has been seven years in soil-test experiments. The crops 
in order of succession have been potatoes, corn, soya beans, 
oats, grass and clover (two years), and cabbages and Swed- 
ish turnips. This year the phosphoric acid gives the largest 
average increase in crop, viz., at the rate of 26.6 bushels of 
merchantable tubers per acre; nitrogen gives an increase 
of 11.3 bushels merchantable tubers and potash an increase 
of 7.2 bushels. The soil, however, is very generally ex- 
hausted, and no single fertilizer or combination of either 
two or all three gave a good crop. The apparent supe- 
riority of the phosphoric acid and nitrogen is chiefly due to 
the fact that the plot to which those two elements alone 
were applied was for some reason (not believed to be the 
effect of the fertilizer alone) nearly twice as great as that 
upon any other plot. Had the crop where the potash was 
added to the nitrogen and phosphoric acid been better or 
even as good as that where the phosphoric acid and nitrogen 
alone were used, we should be justified in the conclusion 
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that the nitrogen and phosphoric acid are the elements 
chiefly required. The crop where all three elements were 
combined was, however, much inferior to that where the 
nitrogen and phosphoric acid were used without potash. 
We wmust therefore conclude that some disturbing factor, at 
present unknown, influenced the results; and we are, there- 
fore, unable to draw practical conclusions which throw light 
upon the proper practice to be followed in manuring the 
potato crop. 


MANURE ALONE v. MANURE AND POTASH. 


_ An experiment in continued corn culture for the com- 
parison of an average application of manure with a small 
application of manure used in connection with muriate of 
potash was begun in 1890. A full account of the results 
will be found in the annual reports of 1890-95, and in the 
latter year a general summary of the results is given. 

The land used in this experiment was seeded with a 
mixture of timothy, red-top and clover in the standing corn 
in July of last year. A good stand of grass and clover 
was secured, although the latter was rather unevenly devel- 
oped in different parts of the field, suggesting a possible 
lack of thoroughness in mixing the seeds. 

No manure or potash has been used this year. The field 
includes four plots of one-fourth of an acre each. The 
results for 1897 are shown below : — 


Plot 1 (14 cords of manure alone, 1890-96) : hay, 1,420 pounds ; 
rowen, 783 pounds. 

Plot 2 (1 cord manure and 40 pounds of muriate of potash, 
1890-96) : hay, 885 pounds; rowen, 483 pounds. 

Plot 3 (manure alone, as for Plot 1): hay, 1,380 pounds; 
rowen, 785 pounds. 

Plot 4 (manure and potash, as for Plot 2): hay, 1,03735 pounds; 
rowen, 590 pounds. 


The averages are as follows : — 


Plots 1 and 3 (manure alone, 1890-96): hay, 1,4034 pounds; 
rowen, 784 pounds. 

Plots 2 and 4 (manure and potash, 1890-96) : hay, 9614 pounds ; 
rowen, 5364 pounds. 
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Combining the figures showing the averages of hay and 
rowen, we find that plots 1 and 3 have produced an average 
of 2,187 pounds per plot, which is at the rate of 4 tons, 748 
pounds, per acre. Plots 2 and 4 have produced an average 
of 1,4971 pounds per plot, which is at the rate of 9 pounds 
less than 3 tons per acre. The larger quantity of manure, 
then, produced this year about 14 tons more per acre than 
the manure and potash. This is a large difference, but a 
difference which was to be anticipated, in view of the much 
larger quantity of plant food which has been applied to 
these plots. It remains to be seen whether the clover on 
plots 2 and 4 will be capable of so enriching the soil in 
nitrogen as to remove or lessen this difference in succeed- 
ing years. 


6c SPECIAL ” Corn FERTILIZER v. FERTILIZER RICHER IN 
POTASH. 


This experiment was begun with a view of comparing the 
results obtained with a fertilizer proportioned like the aver- 
age of the ‘‘ speceal” corn fertilizers found upon our mar- 
kets in 1891 with those obtained with a fertilizer richer in 
potash but furnishing less nitrogen and phosphorie acid. 

Corn was grown during each of the years from 1891 to 
1896 inclusive. From 1891 to 1895 it was found that the 
fertilizer richer in potash gave the more profitable results. 
In 1896 there was no practical difference. It was decided 
during the season of 1896 that it might be possible to derive 
a greater benefit from the larger quantity of potash applied 
to two of the four plots if grass and clover should be grown 
in rotation with the corn. Accordingly the land was seeded 
with a mixture of timothy, red-top and clover in the stand- 
ing corn in July, 1896. The field is divided into four plots, 
of one-fourth of an acre each. The materials applied to the 
several plots are shown in-the following table : — 
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Plots 1 and 3 Plots 2 and 4 


FERTILIZERS. (Pounds each). (Pounds each). 
Nitrate of soda, . F : ; ; : 20 18 
Dried blood, . : : , : 4 : 30 30 
Dry ground fish, . ° : : : : 30 20 
Plain superphosphate, . ; : : 226 | 120 
Muriate of potash, : : : : : 22.5 | 60 
| 
Cost of materials per plot, . : c ! $3 23 | $3 10 


Fertilizers were applied evenly broadcast on April 11. 
The yields the past year are shown below :— 


Plot 1, ‘‘special” fertilizer: hay, 795 pounds; rowen, 130 
pounds. 

Plot 2, fertilizer richer in potash: hay, 810 pounds; rowen, 
129 pounds. 

Plot 3, ‘‘special” fertilizer: hay, 725 pounds; rowen, 97 
pounds. 

Plot 4, fertilizer richer in potash: hay, 617 pounds; rowen, 
165 pounds. 


The average yield on plots 1 and 3 is: hay, 760 pounds ; 
rowen, 113} pounds. On plots 2and4: hay, 713}; rowen, 
147 pounds. Putting the crops of hay and rowen together, 
we have an average from | and 3 of 8734 pounds, and from 
2 and 4 of 8601 pounds. The difference, 13 pounds, is 
too small to be regarded as of much significance. The 
greater rowen crop produced by plots 2 and 4 is perhaps 
to be attributed to the larger amount of potash which has 
been applied to these plots, which favors especially the 
growth of the clovers. Inequality of moisture conditions, 
however, has been the apparent cause of a very uneven 
development of clover on different parts of the field, and 
the influence of the potash does not show as clearly as 
was anticipated. 
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NATURAL PHOSPHATES COMPARED WITH EACH OTHER AND 
with Actp PHOSPHATE. (FELD F.) 


This series of experiments was begun by Dr. Goessmann 
in 1890, with a view of determining whether it is not more 
profitable to employ one of the cheaper natural phosphates 
than to use the more costly acid phosphate. A full account 
of the experiment and the results obtained up to the end of 
1896 is given by Dr. Goessmann in our ninth annual report. 
It is only necessary to restate the following points : — 

The field was at first divided into five plots, containing 
about 6,600 square feet each. These plots received equal 
money’s worth (on the basis of prices in 1890) of the phos- 
phates used, as follows: Plot 1, phosphatic slag; Plot 2, 
Mona guano; Plot 3, at first, apatite; later, Florida phos- 
phate; Plot 4, South Carolina phosphate; Plot 5, dissolved 
bone-black. Plot 3, as above stated, received an applica- 
tion of ground apatite in 1890. In 1891 it was found im- 
possible to obtain this material, and no phosphate of any 
kind was applied to this plot. Im 1892 and 1893 ground 
hard Florida phosphate was applied to this plot. It is not 
believed, however, that it is fair to this phosphate to compare 
it with the others, since it has been used only two years, 
while the others have been applied for four years. 

From the beginning, each of these five plots has received 
the same application of nitrate of soda and potash-magnesia — 
sulphate. The quantities of these applied per plot during 
the first four years were about 44 pounds of the former and 
66 pounds of the latter.* 

Since 1894 no phosphate of any kind has been applied 
to these plots, but the quantity of nitrate of soda and of 
potash-magnesia sulphate has been used in one-half greater 
quantities. : 

At first Dr. Goessmann included no plot on which phos 
phate was not used for comparison with others. Later such 
a plot was added, but it was left entirely unmanured until 
1896. During 1896 and 1897 it has received the nitrate of 


* The plots in this experiment differ from each other by a few square feet in size, 
and the fertilizers have from the beginning varied in proportion as the size varied. 
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soda and potash-magnesia sulphate at the same rate as the 
other plots. 

The yield of the plots receiving phosphate for each of 
the years 1890-96 inclusive will be found in our ninth 
annual report. This report also contains a statement show- 
ing the amounts of phosphoric acid applied and removed 
from each plot during each of these years. This statement 
shows an excess added over and above that removed from 
each of the plots at the end of the season of 1896 as follows : 
where phosphatic slag had been used, the amount of phos- 
phoric acid remaining was 65.6 pounds; where Mona guano 
had been used, 44.2 pounds ; where apatite and Florida phos- 
phate had been used, 141.7 pounds; where South Carolina 
rock phosphate had been used, 115.0 pounds ; and where acid 
phosphate had been used, 21.8 pounds. 

The crop during the past year was Swedish turnips. The 
field had been sown with rye for winter protection in the 
fall of 1896. The growth of the rye was characterized as 
poor. It was ploughed on June 1, the land was harrowed 
on the 2d, and on the 3d of June, Laing’s Swedes were sown 
in drills two feet apart. The seed germinated promptly and 
evenly, but the season was much too wet for the best growth 
of the crop. It was, however, kept free from weeds by fre- 
quent cultivation. The crop was thinned on June 20 to 
eight inches. It was harvested November 2-4. The tur- 
nips were poor in quality, small, and a few of them decayed. 

The yields of the several plots were as follows : — 


(Pounds). (Pounds). 
Plot 0, no phosphate, . és : ‘ : 830 185 
Plot 1, phosphatic slag, : 3 : ; 1,870 480 
Plot 2, Mona guano, . P , : " 3,655 800 
Plot 3, Florida hard phosphate, . : 820 400 
Plot 4, South Carolina rock phosphate, : 1,965 560 


Plot 5, dissolved bone-black, ‘ : ; 1,619 370 
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It will be noticed that the crop on the phosphatic slag, 
Mona guano and South Carolina rock surpasses that where 
dissolved bone-black was used, and that the Mona guano 
gives nearly twice the product obtained by either the slag 
or the South Carolina rock. It will be further noticed that 
the Florida phosphate yields practically the same amount 
of roots as the plot receiving no phosphate. None of the 
crops secured this year can be regarded as good. The 
largest yield, that on the Mona guano plot, is at the rate of 
rather less than 12 tons per acre. A good crop should be 
about 20 tons per acre. The results of this year, therefore, 
although showing marked differences, are not regarded as 
decisive. The peculiarities of the season produced an un- 
healthy condition, which interfered with the full action of 
the fertilizers employed. 


COMPARISON OF DIFFERENT PHOSPHATES. 


The results of the experiments inaugurated by Dr. Goess- 
mann for the comparison of different phosphates with acid 
phosphate having proved so interesting and valuable, it was 
decided to inaugurate another series of experiments, includ- 
ing a greater number of materials supplying phosphoric 
acid. It was further thought best to apply these materials 
upon the basis of equal quantities of phosphoric acid to each 
plot, rather than on the basis of equal money’s worth, as in 
the experiments planned by Dr. Goessmann. 3 

The land selected for the experiment was fairly level, 
with a medium heavy loam. It had been in grass for many 
years. In April, 1896, it received an application of 600 
pounds of ground bone and 200 pounds of muriate of potash 
per acre. The season was very dry, and the grass derived 
little benefit from the fertilizers. The grass was cut about 
the middle of June, and the field was ploughed on June 24 
and 25, 1896, and planted to Longfellow corn. The corn 
was cut when in the milk, September 26, and weighed as 
put into the silo. The field had been divided into 13 plots, 
of one-eighth of an acre each, separated by suitable un- 
manured strips. The yields of corn in 1896 were as fol- 
lows : — 
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Plot 1, 2,640 pounds; Plot 2, 2,990 pounds; Plot 3, 2,915 
pounds; Plot 4, 3,555 pounds; Plot 5, 2,885 pounds; Plot 6, 
2,905 pounds; Plot 7, 2,850 pounds; Plot 8, 3,020 pounds; 
Plot 9, 3,160 pounds; Plot 10, 3,095 pounds; Plot 11, 38,000 
pounds; Plot 12, 3,090 pounds; Plot 13, 3,440 pounds. 


These weights were taken with a view to determining 
whether these plots were fairly even in fertility. It will 
be noticed that with three exceptions, plots 1, 4 and 13, 
this appears to be the case. Plot 1 is apparently poorer 
than the average, while plots 4 and 13 are better. 

In 1897 the soil was thoroughly prepared by the use of 
the wheel harrow. Fertilizers were applied May 11. Each 
plot in the field received the following materials: potash- 
magnesia sulphate, 50 pounds ; nitrate of soda, 30} pounds ; 
sulphate of potash, high grade, 124 pounds. These ma- 
terials supplied the potash and nearly all the nitrogen 
estimated to be required. Some of the phosphates to be 
employed (the bone meals), however, contained nitrogen as 
well as phosphoric acid, and, to equalize conditions on all 
the plots, sufficient hoof meal was applied to those not 
receiving bone to make the quantity of nitrogen applied to 
each plot throughout the field the same. 

The plots contained, as stated, one-eighth of an acre each, 
and the materials used furnished to each plot phosphoric 
acid, 12 pounds; nitrogen, 6} pounds; potash, 19 pounds. 

The fertilizers used per plot (in addition to nitrate of 
soda and sulphate of potash which were used alike on each 
as stated above) are shown below : — 


Plot 1: hoof meal, 11% pounds. Plot 2: hoof meal, 11? 
pounds; apatite, 32 pounds. Plot 3: hoof meal, 112 pounds; 
South Carolina rock phosphate, 47 pounds. Plot 4: hoof meal, 
112 pounds; Florida soft phosphate, 454 pounds. Plot 5: hoof 
meal, 112 pounds; slag, 674 pounds. Plot 6: hoof meal, 112 
pounds; Navassa phosphate, 49 pounds. Plot 7: hoof meal, 
11% pounds. Plot 8: hoof meal, 112 pounds; dissolved bone- 
black, 70 pounds. Plot 9: hoof meal, 38 pound; raw bone 
meal, 45 pounds. Plot 10: hoof meal, 1,3, pounds; dissolved 
bone meal, 734 pounds. Plot 11: steamed bone meal, 484 
pounds. Plot 12: hoof meal, 11# pounds; acid phosphate, 903 
pounds. Plot 13: hoof meal, 112 pounds. 
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The variety of corn raised was Sibley’s Pride of the 
North, which was planted on May 17, replanted as far as 
necessary on June 1, and thinned to one plant per foot in 
the drill early in June. The extraordinary precipitation of 
the season kept the soil too wet the greater part of the time 
during the month of July, and the crop was prevented from 
doing its best. It was cut and stooked September 21, and 
husked about the last of October. 

The yield per plot and the calculated rates per acre are 
shown below : — | 


Corn per | Stover per 
Acre Acre 
(Bushels). | (Pounds). 


NAMES. Corn Stover 
(Pounds). | (Pounds). 


Plot 1, no phosphate, . : | 585 580 | 58.500 4,640 
Plot 2, apatite, eh. Be : . | 565 475 | 56.500 3,800 
Plot 3, South Carolina.rock phos- | 645 535 | 64.500 4,280 
Piet i. Florida soft phosphate, .| 725 620 | 72.500 4,960 
Plot 5, phosphatic slag, 5 . | 620 620 | 62.000 4,960 
Plot 6, Navassa phosphate, . . | 6784 610 | 67.825 4,880 
Plot 7, no phosphate, . ; .| 6432 542 | 64.325 4,336 
Plot 8, dissolved bone-black, . | 618} | 548 | 61.825 4,384 
Plot 9, raw bone meal, . : . | 6732 570 =| 67.325 4,560 
Plot 10, dissolved bone meal, . | 633} 550 | 63.325 | 4,400 
Plot 11, steamed bone meal, . .| 503} 450 | 50.325 3,600 
Plot 12, acid phosphate, : . | 6284 540 | 62.825 | 4,320 


Plot 13, no phosphate, . ; .| 6735 590 | 67.325 4,720 


It will be noticed that one of the best crops in the field 
was produced where no phosphate was used, and that the 
yield on the plots to which phosphates were applied varies 
without apparent relation to the availability of the phos- 
phoric acid in the materials used. Under these circum- 
stances, extended discussion of the results is not called for. 
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The unfavorable influence of the season and possible differ- 
ences in natural fertility of the soil serve to obscure the 
action of the phosphates employed. 


LrGuminous Crops (CLOVER, PEA AND BEAN, oR ‘‘ Pop” 
Famity) AS NITROGEN GATHERERS. (FIELD A.) 


A full history of the field since 1884 is given by Dr. 
Goessmann in our ninth annual report. The years 1884-88 
were preparatory; the experiment proper began in 1889. 
The objects in view have been : — 

1. To determine the extent to which plants of the clover 
family are capable of enriching the soil in nitrogen taken 
by them from the air through the agency of the nodular 
bacteria found upon their roots. 

2. To compare nitrate of soda, sulphate of ammonia, 
dried blood and barn-yard manure as sources of nitrogen.* 

The field is divided into eleven 5 acre plots, numbered 
from 0 to 10. Three plots, 4, 7 and 9, have received no 
application of nitrogen-containing manure or fertilizer since 
1884. One (0) has received barn-yard manure ; two (1, 2), 
nitrate of soda; three (5, 6, 8), sulphate of ammonia; and 
two (3, 10), dried blood every year since 1889. These 
materials have been used in such amounts as to furnish 
nitrogen at the rate of 45 pounds per acre each year. All 
the plots have received, yearly, equal amounts of phos- 
phoric acid and potash. The quantities applied have fur- 
nished, per acre, phosphoric acid 80 pounds, and potash 
125 pounds, from 1889 to 1894 and the past season. In 
1895 and 1896 double these quantities were used. Dr. 
Goessmann reports : | — 


The total yield of crops on the plots receiving no nitrogen, as 
compared with those receiving nitrogen, was in the several years 
as follows : — 


With corn in 1889, one-fifth less. 

With oats in 1890, one-fifth to one-sixth less. 

With rye in 1891, one-fifth to one-sixth less. 

With soya beans in 1892, one-third to one-fourth less. 


* Only such details are given here as are necessary to a general understanding of 
the subject; full information is found, as stated above, in our ninth annual report. 
+ Ninth annual report, Hatch Experiment Station, page 175. 
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In 1893 the crop was oats, and the yield of grain was 
from one-seventh to one-eighth less on the plots receiving 
no nitrogen than the average of those receiving nitrogen. 
Here the interposition of a leguminous crop (soya bean in 
1892) appears to have lessened the proportional inferiority 
of the plots which received no nitrogen. In 1894 the crop 
was again the soya bean. ‘The plots without nitrogen give 
a yield about one-third less than the average of the others. 
Thus far it will be seen that the soya bean has not shown 
that degree of independence of soil nitrogen of which it is 
supposed to be capable. To an even greater degree than 
the grain crops it is benefited by nitrogen manuring. ‘This 
fact may perhaps be accounted for because of conditions un- 
favorable to bacterial life in this soil; but as to the nature 
of such unfavorable conditions we are at present ignorant. 

In 1895 the crop was oats, and results showed no im- 


provement in proportional yield on the plots receiving no - 


nitrogen which could be attributed to the preceding bean 
crop. This may be in part due to the fact that the bean has 
a rather limited root system, and leaves behind but little 
stubble. | 

In 1896 the crop was again the soya bean, which once 
more showed marked inferiority on the no-nitrogen plots. 
An attempt to seed the land to clover in the standing beans 
proved a failure, on account of the dry season and the too 
dense shade made by the crop of beans. 

The crop the past season has been oats. The yield per 
plot of straw and grain, the rate per acre and remarks upon 
the quality of the grain are given below. In this table the 
no-nitrogen plots are italicised. 


ee 
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Nitrogen Experiment. 


WEIGHT PER PLOT REMARKS ON 


YIELD PER ACRE. 


ONE-TENTH ACRE. GRAIN. 
oe Straw | Oats 
(Pounds). toma. (Pounds). | sashes). Momels- 
Nitrate of soda, . ‘ 500 159 5,000 | 49.68 || Light. 
Nitrate of soda, . : 400 147 4,000 | 45.93 || Light. 
Dried blood, ; : 215 122 2,150 | 38.12 || Good. 
No nitrogen, . eee 69 ||1,200 |21.56)|| Good. 


Sulphate of ammonia, . 340 197, 3,400 | 42.81 || Poorer than 
i. wo. 3: 
Sulphate of ammonia, . 275 97 2,750 | 30.31 || Good. 


No nitrogen, : . | £20 77k ||1,200 | 24.21 || Good. 
Sulphate of ammonia,. | 350 127, 3,500 | 39.68 || Good. 
No nitrogen, : ‘ 130 75 =-||1,300 | 23.43 || Good. 
Pareaicod, . § .| 220 | 126 || 2,200 | 39.37 || Fair. 
Barn-yard manure, .| 220 125 || 2,200 | 39.06 || Fair. 


Calculation shows that the average total weight of crop is 
a little less than one-half as great on the plots not manured 
with nitrogen as the average of the other plots. The crop 
of grain is a little more than one-half as great. We find, 
then, not the least evidence of any ability on the part of the 
soya bean when grown before a grain crop (and harvested) 
to make nitrogen manuring of the grain crop unnecessary. 
On the contrary, the proportional yield of the no-nitrogen 
plots is this year the lowest it has ever been in these experi- 
ments. 


The felative Value of the Different Manures furnishing 
Nitrogen. 


The nitrate of soda gives the largest crop. Next in order 
of yield come the barn-yard manure, dried blood and sul- 
phate of ammonia; but between these there is not much 
difference. On plots 2, 3, 4, 6, 7, 8 and 9 the source of 
potash is the muriate ; on all others it is double sulphate of 
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potash-magnesia. The yield of oats is in every instance 
greater where the sulphate is used under otherwise similar 
manuring. ‘The superiority is most marked when sulphate 
of ammonia is the source of nitrogen. 


MUuRIATE COMPARED WITH SULPHATE OF POTASH IN CON- 
NECTION WITH SULPHATE OF AMMONIA FOR Corn. 


Results obtained with different crops in the special nitro- 
gen tests on Field A during previous years having indicated 
an injurious effect, due to the combination of muriate of 
potash and sulphate of ammonia,* it was decided to under- 
take experiments upon a larger scale, with the view of bring- 
ing out more clearly the significance or importance of this 
effect. Accordingly two plots of land of one-half acre each, 
lying on the east side of the highway, were set apart for 
this experiment. This land had previously been used in 
experiments to determine the relative value of phosphatic 
slag and ground bone as sources of phosphoric acid. These 
experiments were begun in 1894 and continued until 1896. 
The crops had been oats, corn and millet. An account of 
these experiments will be found in the annual reports cover- 
ing the years named. 

The following fertilizers were applied this year, broad- 
cast, after ploughing, and harrowed in: — 


North plot: sulphate of ammonia, 152 pounds; muriate of 
potash, 120 pounds; acid phosphate, 160 pounds. 

South plot: sulphate of ammonia, 152 pounds; sulphate of 
potash, 120 pounds; acid phosphate, 160 pounds. 


The fertilizers were applied May 11. The crop was 
planted in drills three and one-half feet apart, May 17. 
The variety was Sibley’s Pride of the North. 

The soil throughout the season was too wet for the best 
growth of the corn crop. The crop was harvested on Sep- 
tember 6, and put into the silo. The yield was as follows: 


* For a full discussion of this subject see Dr. Goessmann’s paper in the annual 
report of the Hatch Experiment Station for 1897, pages 222 and 223. 
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north plot, 5,760 pounds; south plot, 5,255 pounds. The 
difference is too small to afford a basis for a positive judg- 
ment as to the merits of the two forms of potash applied. 


FERTILIZERS FOR GARDEN CROPS. 


In 1891 Dr. Goessmann began a series of experiments 
for the comparison of sulphate of ammonia, nitrate of soda 
and dried blood as sources of nitrogen for various garden 
crops. Sulphate of potash was employed to furnish potash. 
In 1892 the scope of the experiment was enlarged by includ- 
ing three additional plots, comparing the same materials as 
sources of nitrogen with muriate of potash used as a source 
of potash. The results of these experiments are fully dis- 
cussed in Dr. Goessmann’s reports. The following table 
shows the different fertilizers applied to the several plots : — 


PLOTS. Annual Supply of Manurial Substances. Pounds. 
Sulplate of ammonia, . : 38 
Plot 1, Muriate of potash, . ; 30 
Dissolved bone-black, ; 40 
Nitrate of soda, . : ‘ 47 
Plot 2, . Muriate of potash, . : 30 
Dissolved bone-black, : 40 
Dried blood, ; : : ID 
Plot 3,.. Muriate of potash, . ‘ 30 
Dissolved bone-black, ; 40 
Sulphate of ammonia, ; 38 
Plot 4, . Sulphate of potash, . : 30 
Dissolved bone-black, , 40 
Nitrate of soda, . : P 47 
Eliot), . Sulphate of potash, . A 30 
Dissolved bone-black, ; 40 
Dried blood, ; ! : 75 
Plot 6, . Sulphate of potash, . : 30 
Dissolved bone-black, ; 40 


The area of the plots is about one-eighth of an acre each. 
The fertilizers used supply at the rates per acre: phos- 
phoric acid, 50.4 pounds; nitrogen, 60 pounds; potash, 120 
pounds. 
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The crops raised during the past year were garden peas, 
beets, squashes and celery. 

Garden Peas. —The land was ploughed April 19, fertil- 
izers applied and harrowed in April 21, and the seed planted 
on April 22. On June 7 it was noticed that the growth of 
the vines on Plot 1 was distinctly inferior to that on the 
other plots, and it so continued throughout the season. 
The pods produced by the vines upon this plot were short, 
but well filled, as were they also upon Plot 4. The growth 
of vines upon plots 3 and 6 may be characterized as me- 
dium; upon plots 2 and 5 the growth was rank. The pods 


upon these two plots were large, but not well filled. Three - 


pickings of peas were made. ‘The yield of green peas, as 
well as of vines, is shown in the following table : — 


Green Peas (Pounds). 


MURIATE OF PorasH. SULPHATE OF POTASH. 
DATE. ree rae eae a ETT : 
Plot 1. | Plot 2. | Plot 3. Plot 4. | Plot 5. | Plot 6. 
July 12, ; , , , 100 93 | 994 165 179 195 
July 19, : p : 4 66 150 | 132 143 134 91 
July 23, 4 ; : ; 11 60 | 49 40 30 21 
177 203 | 2804 348 343 307 


Green Vines (Pounds). 


July 23, 205 | 180 


1023 210 


240 | 240 


The average yield of green peas produced by the different 
fertilizers 1 


Pounds. 


Average of muriate plots, . : “ 5 : . 220% 
Average of sulphate plots, . ; : : . 3322 
Average of sulphate of ammonia plats. ; ; . 2624 
Average of nitrate of soda plots, . : : «nee 

Average of dried blood plots, . : : . 2933 


It will be noticed that the sulphate of potash appeared to 
be distinctly superior to the muriate, that the dried blood 
gives a larger crop than either of the other sources of nitro- 


= fa. » a 
a ae ee ee oe ee 
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gen, but that there is not a great difference between the 
three materials used to supply this element. The best crop 
is produced where sulphate of ammonia and sulphate of 
potash are used. The crop where nitrate of soda and sul- 
phate of potash are used is not, however, materially in- 
ferior. 

Beets. — The variety raised was the Eclipse. Fertilizers 
were applied as stated above, seed planted April 22, vacan- 
cies filled May 20. The growth of the beets upon Plot 1 
was noticed early in the season to be distinctly inferior to 
that on the other plots, and before the close of the season 
most of the plants upon this plot were dead. On July 27 
the crop was harvested. ‘The yield of the several plots was 
as follows: Plot 1, 133 pounds; Plot 2, 711 pounds; Plot 
3, 358 pounds; Plot 4, 448 pounds; Plot 5, 7934 pounds ; 
Plot 6, 478 pounds. 

The averages of the different fertilizers are shown be- 
low :— 


Pounds. 


Average of muriate plots, . : : - : . 4003 
Average of sulphate plots, . . - ; . d73h 
Average of sulphate of ammonia Blots: : . 2903 
Average of nitrate of soda plots, ; : . 7524 
Average of dried blood plots, . : ‘ - . 418 


It will be noticed that the sulphate of potash appears to 
be greatly superior to the muriate, and nitrate of soda is far 
ahead of sulphate of ammonia as a source of nitrogen for 
this crop. The best yield is produced where nitrate of soda 
and sulphate of potash are used together. 

Squashes and Celery.— Both of these crops were failures, 
on account of the unfavorable weather. The celery plants, 
it is true, lived, but many of them made no growth. The 
plants were cut close to the ground on October 18, many 
of them being, if anything, smaller than when set. The 
cuttings were weighed, with the following results: Plot 1, 
284 pounds; Plot 2, 57 pounds; Plot 3, 353 pounds; Plot 
4, 28 pounds; Plot 5, 92 pounds; Plot 6, 24 pounds. 

It is noticeable that here again Plot 5, where nitrate of 
soda and sulphate of potash were used, is the best; but 
even this did not produce a crop with any marketable value. 
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Injurious Effect of Sulphate of Ammonia and Muriate 
of Potash used together. — Particular attention is called 
to the fact that upon Plot 1, where sulphate of ammonia 
and muriate of potash are used together, the growth was, in 
the case of the peas and beets, decidedly inferior to that 
upon the other plots. This inferiority may undoubtedly be 
ascribed to the poisonous effect of the chloride of ammonia 
formed where these fertilizers are used together, to which 
Dr. Goessmann has called especial attention. 


EXPERIMENTS ON GRASS LAND. 


The system of manuring grass lands, planned by Dr. Goess- 
mann and described by him in previous reports, has been 
continued. According to this system, the land receives one 
year a dressing of barn-yard manure at the rate of 8 tons 
per acre; the next year, wood ashes at the rate of 1 ton per 
acre; and the third year, ground bone 600 pounds, and 
muriate of potash 200 pounds, per acre. | 

Plot 1, which this year received ashes, gave a yield at the 
rate of 5,775 pounds of hay and 3,204 pounds of rowen per 
acre, —a total of 4 tons 979 pounds. Plot 2, which re- 
ceived manure applied in the fall of 1896, produced at the 
rate of 5,784 pounds of hay and 2,627 pounds of rowen per 
acre, —a total of 4 tons and 411 pounds. Plot 3, which 
this year received bone and potash, produced at the rate of 
6,183 pounds of hay and 2,755 pounds of rowen per acre, 
—a total of 4 tons 938 pounds. 

This system of using these different manures for grass 
lands in rotation has much to recommend it. It is simple, 
and has certainly given remarkably good crops. I believe, 
however, that the system would be improved by the use of 
a little nitrate of soda, say 150 pounds per acre, with the 
ashes as well as with the bone and potash. 


EXPERIMENTS WITH NITRAGIN, A GERM FERTILIZER. 


Nitragin, prepared according to the directions of Profes- 
sor Nobbe, was imported at my suggestion from Germany 
in the summer of 1896. The material was fully described — 
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by Dr. Goessmann in our last annual report, and full direc- 
tions for its use are quoted by him. 

The nitragin has been tried in accordance with directions, 
as stated suse hota: in this report, upon crimson clover and 
alfalfa, without apparent benefit. It has also been tried 
upon common red clover. On this crop, as with the others, 
no difference in growth attributable to the nitragin has been 
noticed; and, so far as can be judged at the present time, 
the use of this germ fertilizer for our common clovers is not 
to be advised. Nitragin undoubtedly contains the germs of 
the appropriate nodular bacteria, —the name of Professor 
Nobbe is sufficient guarantee of this. The failure of the 
material to benefit the crop appears to be due to the fact 
that our soils contain the nodular bacteria of the common 
leguminous crops in sufficient numbers so that the addition 
of a few more by the use of nitragin counts for nothing. 
Experience in the open field in most parts of Germany and 
England has been similar to our own, and I believe that we 
may safely conclude that only when we are about to begin 
the culture of a leguminous crop new to a particular local- 
ity will it be found advantageous to employ nitragin. In 
such cases the soil lacks the appropriate nodular bacteria ; 
nitragin furnishes these, and the result is a better growth, 
because the crop is enabled to make use of the free nitrogen 
of the air from the first, which it could not do in the absence 
of the proper bacteria. 


SULPHATE OF IRON AS A FERTILIZER. 


Sulphate of iron has been tried during the past season 
upon the same plots as in 1896, but this year with corn as a 
crop. The sulphate of iron is used at the rate of 80 pounds 
per acre. The crop where it was employed was a little 
inferior to that on the plots where it was not used. With- 
out sulphate of iron the average yield of the plots was 581 
pounds of corn and 163} pounds of stover; with sulphate 
of iron, 503 pounds of corn and 160 pounds of stover. 
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VARIETY TESTS. 
1. Corn. 


Twenty of the more promising varieties of corn tried for 
the first time last year have been given a further trial dur- 
ing the past season. Nine of these varieties were flint 
corns, as follows, named in the order of productiveness : 
Sanford, Longfellow, Waushakum, Giant Long White, 
Rhode Island White Cap, Early Canada, King Philip, An- 
gel of Midnight, Compton’s Early. The varieties of dent 
corn, named in order of productiveness, were Early Butler, 
Leaming Field, Champion White Pearl, Queen of the 
Prairie, lowa Gold Mine, King of the Earlies, Sibley’s Pride 
of the North, South Dakota White, Huron Extra Early, 
Wisconsin Yellow and White Cap Yellow. 

Varieties the ears of which were very moist when husked 
are Queen of the Prairie and Huron Extra Early. Varie- 
ties which were moist are White Cap Dent, Leaming Field, 
Iowa Gold Mine and Champion White Pearl. 

All of the varieties in these two classes are too late for 
culture as grain crops in this locality, though they would 
do for the silo. 

2. Potatoes. 

Kighty-one varieties of potatoes were cultivated for pur- 
poses of comparison.upon the general plan described in our 
last report (ninth). The soil was a well-drained medium 
loam. The fertilizers used per acre were as follows : — 


Pounds. 


Nitrate of soda, . : : : : : : . 240 
Acid phosphate, . ; 5 ‘ " . 400 
Sulphate of potash ve grade), ; : » ee 
Tankage, . : : ‘ ; . 240 
Dried blood, . 4 : ; : : : ' « 100 


These materials were mixed and scattered broadly in the 
furrows before dropping the seed. The seed was planted 
April 30. May 5 the crop was somewhat injured by wash- 
ing of the soil between the rows and by the excessive rain- 
fall. The potatoes were dug September 26 to October 6. 
The yield was at the rate of from 115.7 to 282.4 bushels 
per acre. The eleven largest yields of merchantable tubers, 
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in the order of productiveness, were given by the following 
varieties: Rose No. 9, Restaurant, Woodbury’s White, 
Bliss’s Triumph, Prolific Rose, Empire State, Early Maine, 
Dakota Red, Sir William, Early Rose and Beauty of 
Hebron. All of these gave a product at the rate of more 
than 220 bushels of merchantable tubers per acre. Again, 
as last year, we find the two old standard sorts, Early Rose 
and Beauty of Hebron, ranking among the very best. It 
appears doubtful whether any among all those tried are 
truly superior to these varieties. 

Twenty-three varieties have given yields of merchantable 
tubers at the rate of less than 175 bushels peracre. These, 
in the order of inferiority, are the following: Minister, 
Bill Nye, Harbinger, Peerless, Jr., Livingston Banner, 
Burpee’s Extra Early, Carmen No. 3, Dandy, Early Mar- 
ket, Crown Jewel, Merriman, White Star, Irish Daisy, 
Chance, Six Weeks, Alliance, Sunlit Star, World’s Fair, 
Freeman, Ohio, Jr., Great Divide, Wise Seedling and 
Early Norther. 

All of the varieties grown this year are to be examined 
for determination of dry matter and starch, but this work 
could not be completed in season for this report. Full 
details as to the varieties cultivated are therefore reserved 
until these analytical results can be published. 


3. Grasses. 


Sixty species and varieties of grasses have been under 
trial. Most of them occupied plots containing one square 
rod. About one-half of these grasses were sown in the 
spring of 1896. Among those so sown the following varie- 
ties winter-killed: English rye grass, Italian rye grass, 
crested dog’s-tail and meadow fescue. Among compar- 
atively little-cultivated varieties which appear promising 
may be mentioned the following: tall oat grass, tall fescue, 
red fescue, fowl meadow, Canada blue-grass, water-spear 
grass and wood-meadow grass. 

The yield of the dry matter in the hay and rowen (where 
any was secured) of those varieties sown in the spring of 
1896 during the past season, with date of cutting of both 
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the first and the second crops, is shown in the following 


table. 


The area in each variety was one square rod. 


KINDS. 


Timothy (Phleum pratensis), 
Awnless Broom (Bromus inermis), 
Yellow Oat (Avena flavescens), 


Sweet Vernal (Anthox anthumodor- 
atwm). 

Meadow Foxtail (Alopecurus pra- 
tensts). 

Red-top (Agrostis vulgaris), . 

Rhode Island Bent (Agrostis Can- 
ina). 

Fall Oat (Arrhenatheum avena- 


coum). 
Glyceria fluitans, . 


Meadow soft (Holcus lanatus), 
Slender Fescue (Festuca tennutfo- 
Menton Fescue (Festuca praten- 
Shoo’ Fescue (Festuca ovina), . 
Tall Fescue (festuca elatior), 
Hard Fescue (estwca durinscula), 
Orchard (Dactylis glomerata), 
Red Fescue (fesiuca rubra), 
Fowl Meadow (Poa serotina), 
Rough-stalked Meadow (Poa tri- 
vialis). 
Kentucky Blue (Poa pratensis), . 
Canada Blue (Poa compressa), 
Water Spear (Poa aquatica), 
Canary Reed (Phalaris arundin- 
aria). 


Wood Meadow (Poa nemorailis), . 


Creeping Rent (Agrostis stolont- 
jera). 


Date of 


cutting Hay. 


July 1, 
June 25, 
July 1, 
June 4, 
May 17, 
July 6, 
July 6, 
June 25, 
July 1, 
June 25, 
June 15, 
Sept. 11, 
June 15, 
June 25, 
June 15, 
June 15, 
June 25, 
July 6, 
July 1, 
June 15, 
July 10, 
July 1, 
June 25, 
July 1, 
July 6, 


19. 
14. 


Dry 
Matter in 


Hay 
(Pounds). 


36 
71 


Date of 
cutting 
Rowen. 


Sept. 11, 
Sept. 11, 
Sept. 11, 
Sept. 11, 
June 25, 
Sept. 11, 
Sept. 
Sept. 
Sept. 
Sept. 


Dry 


Matter in 


Rowen 


(Pounds). 


6.44 
6.44 
4.41 
4.41 
tO 
8.44 
6.41 
11.86 
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4. Millets. 


Twenty-one varieties of millet, occupying one square rod 
each, were grown for purposes of comparison on medium 
loam, manured at the rate of 600 pounds of ground bone 
and 200 pounds of muriate of potash per acre. These were 
of three species, Panicum crus galli, P. miliaceum and P. 
ualicum. The varieties grown, with particulars concerning 
amount of seed sown, date of heading, height of plants, and 
the weight per plot and acre of hay produced, are shown in 
the table below : — 


O Height Weight, ; 
KINDS. Seei’| Date of | when Tegan | Sees 
Sown Heading. Cut. Plants Rod (Pou nds). 
(Feet). (Pounds). 
Panicum crus galli. 
Japanese barn-yard, . 1 Aug. 2,| Aug.17,| 6 65 10,400 
Japanese barn-yard, loose BI Aug. 2, | Aug: 17, | 6 63 10,080 
headed. 
Panicum miliaceum. 
Common broom corn, 3 July 19,| Aug. 2,} 4 51 8,160 
Japanese broom corn, red seed, 3 Aug. 2,| Aug.21,| 4 -6 83 13,280 
Japanese broom corn, white 5 Aug. 10,| Aug. 29,| 54-6 92 14,720 
California, a 4 | July 19,| Aug. 2,| 4 62 9,920 
Chinese, . ° 5 : : 4 July 23,/ Aug. 5,| 4 69 11,040 
French, 4 July 23,| Aug. 5,| 4 66 10,560 
White French, . 4 July 19,/ Aug. 2,| 33-4 65 10,400 
Red French, 4 July 19,| Aug. 2,] - 65 10,400 
Hog, . aN ce 4 July 19,; Aug. 2,} 3 -3% 63 10,080 
Panicum italicum. 
Canary bird seed, 4 Aug. 7,| Aug. 2,| = 40 6,400 
Dakota, 4 July 23,| Aug.12,| 33-4 60 9,600 
Early Harvest, . : ° 3 4 July 19,| Aug. 2,/ 38 -383 575 9,340 
Golden, . . ° - . 3 Aug. 21,| Sept. 4,| 5 100 16,000 
Golden Wonder, - 4 Aug. 10,| Sept. 4,| 5 95 15,200 
Japanese Glutenous Hokkaido, 3 Aug. 12,| Aug. 26,| 43 63 10,080 
Japanese Glutenous Mukoda- 3 - Sept.15,| 2-4 100 16,000 
pine common Millet, 3 | Aug.12,| Aug.26,| 43 88 14,080 
New Siberian, . 4 July 28,| Aug. 12,| 3 -4 55 8,800 
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The differences in yield are large, but the scale upon 
which the varieties were grown is small, —too small, in 
my judgment, to justify sweeping conclusions as to the 
relative merits of the several sorts. 

The ‘* Dakota” closely resembles the ‘* Early Harvest ; ” 
the ‘‘loose-headed” variety of the ‘‘ barn-yard” millet is 
much less leafy and less valuable than the common form. 
The so-called ‘‘Golden Wonder” cultivated appeared to 
be like the ‘*Golden.” The ‘‘ Japanese Glutenous,” from 
‘¢ Mukodamashi,” is very late, and does not mature with 
us. The variety of glutenous millet from Hokkaido ap- 
pears to be a valuable sort. Moisture tests which are 
being made will very likely change the relative position 
of some varieties. 


5. Japanese Millets for Seed. 

A small area of each of our three leading varieties of 
Japanese millets was grown for seed. ‘The soil was fer- 
tilized for each variety at the following rate per acre, the 
fertilizer being sown broadcast and harrowed in : — 


Manure, . : : ‘ : j , : 4 cords. 
Nitrate of soda, : : : : : . 125 pounds. 
Dried blood, . : 4 : : { «, 100 45 
Tankage,.< |) s: : : . ; , LOO is 
Superphosphate, . : : . : s+ 20 ORE tee 
Muriate of potash, . : : : : ~ 200 a 


The season was not very favorable for these crops, and they 
were somewhat injured on several occasions by the wash- 
ing of the soil, due to excessive rain-fall. 

Barn-yard Variety (Panicum crus galli).—The area 
sown to this variety was .633 acres. The seed was sown 
May 27, in drills, and was cultivated and hand-weeded. It 
yielded 1,870 pounds of seed and 4,360 pounds of straw, 
which is at the rate of 40 bushels of seed and 3 tons 888 
pounds of straw per acre. 

Japanese Broom-corn Millet (Panicum miliaceum).— 
The area of this variety was .248 acres. It was planted 
and cultivated like the preceding variety. The yield was 
535 pounds of seed and 1,620 pounds of straw, which is at 
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the rate of 40 bushels of seed and 3 tons 532 pounds of 
straw per acre. 3 

Japanese Millet (Panicum italicum).— The area of this 
variety was .138 acres. It was planted and managed in all 
respects like the preceding varieties. The yield was 305 
pounds of seed and 519 pounds of straw, which is at the 
rate of 41 bushels of seed and 1 ton 1,761 pounds of straw 
per acre. 

6. Soya Beans. 

A small area of each of the three leading varieties of 
Japanese soya beans was cultivated for seed. The yield 
was at the following rates per acre: early white, 18.7 
bushels ; medium black, 16 bushels; medium green, 34.5 
bushels. The last-named variety thas once more demon- 
strates its great superiority as a crop-producer over either 
of the other sorts under trial. 


7. Clovers. 


Tests were begun in 1895 for the purpose of comparing 
four of our prominent clovers, viz., medium red, mammoth, 
alsike and crimson. The result of the first year’s test will 
be found in our ninth annual report (pages 27 to 29). As 
stated in that report, our results indicate that the crimson 
will not prove valuable as a fodder crop in this locality. 

Medium Red Clover.—The crop of this variety com- 
pared very favorably with that of the mammoth clover in 
the season of 1896, but during the winter of 1896 and 97 
the plants of this variety were nearly all killed. The plots 
were accordingly ploughed and sown with oats and vetch. 

Mammoth Clover. — This variety was somewhat injured 
by the winter, but was allowed to stand. Bad weather pre- 
vented its being harvested at the proper time, and it was 
much damaged before it could be secured. It yielded at 
the rate of about 1} tons per acre at the first cutting. The . 
second growth was much mixed with weeds. It was cut 
and weighed green, yielding at the rate of about 2,800 
pounds per acre. 

Alsike Clover. — This variety, like the preceding, was 
much injured by rain. It, like the mammoth, was found to 
have suffered much during the winter. The crop cut was 
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much mixed with weeds, yielding at the rate of 24 tons per 
acre for the first cutting. The second growth was mostly 
weeds, and was weighed green, amounting to about 5 tons 
per acre. 

Conclusion. — The mammoth clover under the conditions 
of our experiment has shown greater vitality and productive 
capacity than either of the other sorts. It is worthy more 
extensive cultivation. 

Sulphate v. Muriate of Potash for Clovers. — As stated 
in our ninth annual report, there were two plots of each of 
the varieties of clover under comparison, one fertilized with 
muriate of potash, the other with sulphate of potash. The 
results in 1896 showed no material difference in yields which 
could certainly be ascribed to the nature of the potash salts 
used. The same is true this year. 

The sulphate plots, both of the mammoth and the alsike 
clovers, yielded most at the first cutting; the muriate plots, 
in both cases, yielded most at the second cutting; but, as 
stated, the crops secured at the second cutting were largely 
mixed with weeds. The results, therefore, must be regarded 
as without especial significance. | 


8. Sweet Clover (Melilotus alba). 


This crop occupied two plots of two-fifteenths of an acre 
each, in Field B. The same crop was grown upon these 
plots in 1896, and the results are fully discussed in our 
ninth annual report. The growth during that season was 
for the most part small and unsatisfactory, owing apparently 
to the fact that the appropriate nodular bacteria were not 
present in sufficient numbers to enable the crop to make use 
of free atmospheric nitrogen. A few of the plants in 1896 
were found to have abundant nodules upon their roots. 
These showed a deep-green color and made a vigorous 
growth. It was judged that, if the land should be thor- 
oughly worked in various directions, the nodular bacteria 
would be scattered throughout the soil, and that the second 
crop upon the same land would be better than the first. The 
soil was accordingly thoroughly prepared, and the seed for 
the crop of this year sown at the rate of 10 pounds per acre 
on July 30, 1896. 
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The growth was very much superior to that of the pre- 
vious year, and upon examination in the early part of the 
season it was found that the roots of about one-half the 
plants were abundantly supplied with nodules. These plants 
were making a vigorous growth, and had a deep-green color, 
indicative of an abundant supply of nitrogen. They were 
at this time evidently able to draw upon the atmosphere for 
this element. Later the other plants in the field seemed 
also to gain this ability. 

On July 8 the crop averaged 6 feet in height. A portion 
was cut and fed to the cows kept in the department of foods 
and feeding. ‘This portion yielded at the rate of about 124 
tons per acre. Dr. Lindsey reports that the cows ate it 
readily and appeared tobe fond of it. It was, however, 
rather coarse for feeding when allowed to stand until the 
latter part of July. If to be fed, the crop should be cut 
early. In average seasons it would be at its best condition 
during the first half of the month of July. It is not, how- 
ever, as a fodder crop that I am inclined to recommend a 
trial of sweet clover, but rather as a crop for green manur- 
ing. I believe it may serve here a similar purpose to that 
served by crimson clover in localities where it is hardy. 


MISCELLANEOUS CROPS. 


Alfalfa. — One-quarter of an acre of light soil was sown 
on April 17 with alfalfa. The fertilizer applied to the 
quarter acre was as follows: fine-ground bone, 100 pounds ; 
nitrate of soda, 50 pounds; phosphatic slag, 50 pounds ; 
muriate of potash, 50 pounds. One-half the seed used was 
treated with nitragin. All the seed germinated quickly, no 
difference being noticed between the treated and the un- 
treated. The small plants were, however, injured by the 
heavy rains, and up to date the crop has made but a feeble 
growth. 

Saccaline. — Our trial of this crop has been carried out 
upon two small plots, the one having a heavy, moist soil, 
the other a light, drier soil. One-year-old plants were set 
in the spring of 1896. The growth during that season was 
feeble. In August of that year each plot was given a good 


198 HATCH EXPERIMENT STATION. [ Jan. 


dressing of manure. In the spring of 1897 it was found 
that a considerable number of the plants had been winter- 
killed. On the heavy soil 36 out of 408, and on the lighter 
soil 71 out of 129, were dead; of 451 plants left in a nursery, 
258 were dead. Plants which lived through the winter were 
well started by April 20, but the new growth was killed by 
a frost. On July 16 the growth, which ranged from 1 to 7 
feet in height, the average being about 3 feet, was cut. 
The plants were large and woody. The yield on the heavy 
soil, 408 plants, was 295 pounds; on the lighter soil, 129 
plants, 132 pounds. The leaves only were eaten by cows, 
—horses would not eat it at all. A second crop was not 
cut, but on October 1, when the plants were killed by frost, 
the second growth averaged about 18 inches in height. As 
a result of our trial of this crop, I am convinced that it is 
without value as'a fodder crop for us. 

Crimson Clover. — A further trial of this crop has been 
made upon a rather light soil. The seed was sown July 3 
with equal parts of winter rye. Nitragin, not received in 
season to apply with the seed, was mixed with water, ac- 
cording to directions, and applied to the clover August 31, 
the plants then standing about 2 inches high. The crop 
was a complete failure, every plant being winter-killed. 

Winter Vetch. — A small plot of this crop has been grown 
upon a light soil. It was sown August 20, equal parts of 
vetch and rye. This vetch proved perfectly hardy and grew 
vigorously, reaching a greater height than the rye. This 
vetch will prove valuable as a green fodder when sown with 
winter rye. 

Besides the above, we have cultivated a few rows each of 
a large variety of fodder plants, some 89 in number. In 
this variety are included a large number that have been 
mentioned in previous reports, and they do not require 
further notice at this time. 

Among those cultivated for the first time this year are the 
Idaho field or coffee pea (Cicer arietinum). This appears 
to be the same as the gram or chick pea, which we have had 
under cultivation for two years. ‘The growth is too small 
to make it valuable for a fodder crop. 
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Another new fodder crop for this year was the Brazilian 
stooling flour corn. The plants made a vigorous growth, 
but are judged to be too coarse and woody to prove of 
much value for fodder. 

Black chaff or African millet is another crop under trial 
this year for the first time. It appears to be the same as 
Kaffir corn, and, as reported last year, our experience leads us 
to regard this fodder-crop as inferior to maize for our climate. 


A Reputep METHOD FOR DESTROYING STUMPS. 


A correspondent in one of our agricultural papers during 
the summer of 1895 reported that he had found it possible 
to destroy stumps in the following manner : — 

A hole one or two inches in diameter according to the 
size of the tree, and eighteen inches deep, is to be bored in 
the stump. Into this put from one and one-half to two 
ounces of saltpetre, fill with water and plug tightly. Six 
months later, put into the same hole about one gill of kero- 
sene oil, and set fire to it. The correspondent stated: 
‘«¢ The stump will smoulder away without blazing, even down 
to every part of the roots, leaving nothing but ashes.” 

On Nov. 4, 1895, fifty stumps of trees cut in 1894, in- 
cluding the following varieties, maple, hickory, hemlock, 
white pine, yellow birch and elm, were bored according 
to directions. On December 11 saltpetre and water were 
put into the holes, according to directions, and the holes 
plugged. During July, 1896, the plugs were removed, the 
holes were filled with kerosene, and an attempt made to 
burn the stumps. It was found that not even the oil would 
burn. A portion of the stumps were left until June, 1897, 
when another attempt was made to burn them, using a low- 
test oil, called paraffine gas oil. The stumps are still in 
the field. The method has been given a thorough trial, but 
must be regarded as a complete failure. 


PouLtRY EXPERIMENTS. 


Experiments with poultry were carried out during the 
winter of 1896 and 1897. Our attention was confined to 
three points : — 
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1. Effect upon egg-production of the use of condition 
powders. 

2. Comparative value for egg-production of dry-ground 
animal meal and cut fresh bone. 

3. Comparative value for egg-production of cut clover 
and fresh cabbage. 


General Conditions. 


In all of these experiments pullets purchased in Plymouth 
County and sent to us in December were used. <A few had 
laid before we received them, and production was stopped 
by the move, as is generally the case. Some of the pullets 
moulted after reception here, which served to reduce the 
egg yield. Each of the six lots of fowls occupied a house, 
with roosting and laying room ten by twelve feet, and 
scratching shed eight by twelve feet in size. Each had the 
liberty of a large yard, which furnished a little grass after 
April 15, but in all alike. Hach of the feeding trials began 
January 1 and continued until May 2,— 122 days. 

Soft foods were mixed for the morning mash with boiling 
water the night before using. Sufficient of the materials 
for a fortnight were mixed dry at one time. Oats were 
always scattered in the straw in the shed at noon. At 
night the wheat was fed in the same manner. As a rule, a 
little cut bone was fed once a week, in place of the noon 
ration of oats. About twice a week cabbage was hung up 
in each coop except the one where cut clover was under 
comparison with this vegetable. Clear water, shells and 
erit were before the fowls all the time. Occasionally salt 
was added to the morning mash. At the conclusion of the 
experiment the dressed fowls were sent to G. M. Austin & 
Son, Boston, who reported upon the quality of the several 
lots. 


1. Effect of Condition Powder upon Hgg-production. 


This experiment was carried out in most respects in the 
same manner as last year. Light Brahmas were selected 
for this test, 20 in the coop receiving condition powders 
and 19 in the other. The food of the two lots was the same 
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in kind, with the exception that the fowls in House No. 6 
received daily condition powder in the morning mash, in 
accordance with directions furnished with the powder. 

The kinds and amounts of food used are shown in the 
table : — 


AMOUNTS (POUNDS). 


Se No Condition Condition 

Powder. Powder. 

Wheat, . : : : . : : : 209 220 
Oats, . : : : : 4 150 150 
Bran. . ‘ : ‘ ; ‘ : ; 2G 28 
Middlings, . . : 3 : , 27 28 
Animal meal, , : ; ; : 27 28 
epee ea 27 28 
Cabbage, : ° : : : : ; 28 29 
Corn meal, . ; : ‘ ; nines 28 291 
Bones, . . , 3 : : : 2 9 9 


About three pounds of condition powders were used in 
the experiment. 

The weights of the fowls were taken at intervals, and 
were as follows :— . 


Average Weights (Pounds). 


RSE eps 
January 4, . : : : ; ‘ : 4.868 4.650 
February 4, . ; : é ; ‘ : 5.260 4.950 
March 9, : : : : : : ‘ 5.360 5.343 
April 26, : : Paartcs 5.310 5.470 
May 3 (after fasting twelve hours), . , 5.160 5.180 
Dressed weight, . : ; : 4.605 4.657 
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The results and leading details are shown below : — 


Condition Powder for Egg-production. 


Cost of F 
EXPERIMENT JANU- pes cee) Cost per Pood Number| Weight of bites 
ARY 1 TO May 2. Days. | Food. | Hen Day. per of Eggs.| Eggs. (Ounces). 
gg. 
lbs. 02. 
No condition powder, 2,318 | $6 61 | $0 00285 |$0 0124] 532 65 1k 1.958 


Condition powder, . 2,354 | 6 68 00280 0125 540 67 4 1.993 


The nutritive ratio was 1: 5.16 for the fowls not receiy- 
ing condition powder; for the others, 1: 5.14,— practically 
identical. The total dry matter in food consumed for each 
egg produced was: without condition powder, 0.8349 
pounds; with powder, 0.8688 pounds. Besides the perfect 
eggs as shown in above table, the fowls receiving no con- 
dition powders laid three soft-shelled eggs ; the others, one. 
There were five sitters in the first lot, eleven in the second. 

Samples of the eggs were analyzed, and those from the 
condition-powder fowls were found somewhat richer in dry 
matter, protein and fat. The eggs were also. tested in two 
families by careful house-keepers. The reports did not 
agree in all particulars; but one of the two found the eggs 
from the fowls which had received condition powders su- 
perior in flavor of yolk, flavor of white, in beating qualities 
and in consistency ; the eggs from the other fowls better in 
color and size of yolks. The other reported the condition- 
powder eggs strong in flavor and the yolks small. This 
daorepaner is probably to be accounted for from the fact 
that the number tested was small. Individual as well as 
class differences would almost certainly be found in the 
eggs. 

The fowls which had received condition powder were re- 
ported as dressing rather better than the other lot. 

One fowl in the condition-powder house died during the 
test; there were no losses in the other house. 

th conclusion, I have to say that the differences found in 
this experiment are too small to be considered decisive. On 
the side of the condition powder we have size of eggs and 
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weight and quality of the dressed fowls; against the powder, 
we have the food cost per egg, the weight of dry matter in 


food per egg, and the loss of one fowl. We are warranted 
simply in the statement that the powder does not appear to 


have paid for its use. 


2. Cut Bone v. Animal Meal for Egg-production. 


Each of the two houses contained twenty Plymouth Rock 
pullets in this experiment. The bone and animal meal were 
each mixed in the morning mash. The foods used are 
shown below : — 


| | 


Cut-bone House Animal-meal 


KINDS. (Pounds). House (Pounds). 
Wheat, . a ‘ : ‘ : ; ; rate 196 
ae F , ‘ 3 : ; , 149 149 
Bran, . 4 : E ; : d : 27 28 
Middlings, . : : : : - 27 28 
Buffalo gluten, . : : : : ; - 28 
Animal meal, —_.. : ; - : : - 28 
Clover, . : ; : ; : : ; ro ie 27 
Cabbages, . : : : : ; 20% 294 
Chicago gluten, . : j : 27 ~ 
Cut bone, ; ; : 5 2 , : 28 - 


The nutritive ratios in the two houses were 1: 5.05 and 
1: 4.45 respectively. | 
The average weights of the fowls were as follows : — 


Animal-meal 
House (Pounds). 


Cut-bone House 
(Pounds). 


January 4, . ; : : ‘ : 4.75 4.89 
February 6, . : : ; ‘ ; : 5.10 5.00 
March 9, > : ‘ : : : : 5.86 5.28 
April 27, : ; ; : ; : ; 5.44 5.15 
May 3 (after fasting twelve hours), . 5.28 4.88 


Dressed weight, . d : . 4.83 4,43 
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The dressed fowls which had received the cut bone were 
reported slightly better than the other lot. The leading 
details and results are shown in the following table : — 


Cut Bone v. Animal Meal. 


| | Cost of 
EXPERIMENT JANU- Number Gacee Cost per; Food |Number| Weight of Riba 
ARY 1 TO May 2. Days. | Food. | Hen Day. eet ig Hggs.| Eggs. |(Ounces). 
88. i 
lbs. 02. 
Cut-bone house, 2,279 | $6 61 | $0 0028 | $0 0130 508 64 9 2.0034 


Animal-meal house, . 2,440 | 6 24 0025 0097 639 80 15 2.0270 


There was, in addition to the eggs as shown by the table, 
one soft-shelled egg in each house. Two hens in the cut- 
bone house died during the experiment, from diarrhea ; 
those in the other house were healthy throughout the 
experiment. 

The dry matter per egg was, where cut bone was fed, 
0.877 pounds; on animal meal, 0.69 pounds. The number 
of sitters was 6 in the cut-bone house, 12 in the other. 

A sample of eggs from each house was subjected to analy- 
sis. Those produced on the cut bone contained rather more — 
protein but less fat than the other. A test for cooking 
quality was indecisive; one of the two house-keepers having 
preferred one lot; the other the opposite lot. 

The advantage in this trial is, then, clearly with the ani- 
mal meal as a food for ege-production. It has given more 
eggs of a greater average weight and at considerably less 
cost than the bone; and it is, moreover, a more convenient 
food to use, as well as safer. The results this year are thus 
the opposite of those of last year. We have now repeated 
this experiment four times, with results twice favorable to 
the bone and twice to the animal meal, but have not before 
found so decisive a difference as this year. We repeat the 
experiment again this winter. | 


3. Clover Rowen v. Cabbage for Egg-production. 
Plymouth Rock pullets were used in this experiment; 
but they were later-hatched fowls than those in the experi- 
ments already described. There were twenty fowls in each 
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of the two houses, at the beginning. One fowl died in each 
house during the experiment, from unknown causes. The 
cut clover was fed in the morning mash. Instead of the 
clover, a fresh cabbage was kept before the fowls in the 
other house. 

The foods used are shown in the table : — 


Clover House Cabbage House 


KIND. (Pounds). (Pounds). 
Wheat, . ; ; é ; ; ; P 223 212 
Onte,. —-. ‘ ‘ 2 : , , : 150 1493 
Bran, - . ‘ : : : é : 28 36 
Middlings, . : : ; . : ; 28 36 
Animal meal, 3 , ; F , F 28 343 
Clover, . ‘ : : : : ; ‘ 26 = 
SE I i a - 463 
Cut bone, : : ; 5 ; : . 83 83 
Oat meal, ‘ ; k ; : ; 3 "2S 36 


The nutritive ratio was practically the same in both 
houses: viz., in the clover house, 1: 4.99; in the other, 
1: 4.838. 

The average weights of the fowls were as follows : — 


Clover House Cabbage House 


DATES. 


(Pounds). (Pounds). 
January 4, . : : ; : 4.560 4.530 
February 4, . : : : : 5.480 4.800 
March 8, ‘ : : i P , : 5.420 5.350 
April 27, Mate : ; : : 5.470 5.394 
May 3 (after twelve hours fasting), . ; 5.289 | 5.184 


Dressed weights, . : , : - 4.780 4.890 
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The leading results and details are shown in the table : — 


Clover Rowen v. Cabbage for Egg-production. 


| Number| Gross 


EXPERIMENT JANU- | of Fen | Cost of | Cost per ratit Mi Weight of Ay: eee 

aRy 170 May 2. | Days. | Food. | Hen Day.| per Rgg.| Of Eggs.| Eggs. |(Qunces). 
lbs. oz. 

Clover house, . . 2,356 | $7 033 | $0 0029 | $0 0150 466 59 610 2.0472 


Cabbage house, . ° 2,423 | 6 988 0028 0118 588 15 1 1.9880 


In addition to these, the fowls in each house laid one soft- 
shelled egg. 

The advantage lies most decidedly with the fowls fed 
cabbages, in so far as numbers, weight and cost of eggs are 
concerned. The eggs from the clover house were, however, 
much superior in cooking and eating quality to those from 
the other: Both house-keepers reporting are most emphatic 
in the expression of their preference for the eggs from the 
fowls fed the clover. One reports: ‘‘ The eggs from the 
clover lot are in every way superior.” ‘The other says: 
‘¢ They are superior in color, size of yolk and flavor; ” and 
adds that ‘‘ they have the finest flavor of any eggs” she ever 
ate. 

Analysis showed the eggs from the fowls fed cabbages to 
contain higher percentages of dry matter, protein and fat 
than the others. The superior richness of these eggs ap- 
parently renders them strong in flavor. 


—_——— eo 
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REPORT OF THE METEOROLOGIST. 


JOHN E. OSTRANDER. 


The work of the meteorological department during the 
past year has been in the main a continuation of that of 
previous years, with such minor changes as, after due con- 
sideration, have seemed advisable. The observations for 
temperature are now all taken in the ground shelter on the 
campus. ‘The publication of the maximum and minimum 
temperatures taken in the observatory shelter was discon- 
tinued last year, owing to their unreliable character. For 
the same reason, the observations themselves were discon- 
tinued early in April the present year. 

The usual bulletins, giving a summary of the records and 
weather for each month, have been published. An annual 
summary will be issued as soon as the records for the year 
are completed. 

No material additions have been made to the equipment 
of the department during the year. 

Arrangements have been made to furnish the New Eng- 
land Weather Bureau with the weekly snow reports, as was 
done last year. 

In co-operation with Professor Whitney of the Division 
of Soils, United States Department of Agriculture, this 
department installed one of his instruments (kindly loaned 
by the Department at Washington) for the electrical deter- 
mination of moisture in the soil. Observations were taken 
from the latter part of June until early in November. The 
records, however, are incomplete for the period, owing to 
breaks in the circuit and other causes which made the in- 
struments fail to work at times. The readings taken were 
sent weekly to the Department at Washington. The Di- 
vision of Foods and Feeding of this station made some 
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independent determinations of moisture for standardizing 
the instrument, and the Division of Botany kept a record 
of the growth of the crops where the electrodes were buried. 
Owing to the unusually wet weather during the summer and 
the incomplete records of the instrument, the results of the 
experiment were not entirely satisfactory. The department 
expects to repeat the observations next year under more 
favorable conditions, and an outfit for that purpose has been 
ordered. | 

It is hoped that arrangements may be made to put the 
electrometer in the tower in working order, so that observa- 
tions on atmospheric electricity may be undertaken. 
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REPORT OF THE BOTANISTS. 


GEORGE E. STONE, RALPH E. SMITH. 


Our work during the past year has been in general a con- 
tinuation of that of the year preceding. In this, as in other 
departments of the station, the work falls under two classes : 
first, examination of material sent in for determination and 
answering of inquiries; second, investigations of problems 
connected with plant physiology and pathology. 

For the purpose of investigation the greenhouse has been 
remodelled and enlarged during the past summer, so as to 
admit of carrying on experiments under more desirable con- 
ditions. It is quite essential, in experimenting with plants, 
that the number employed should be large enough to make 
it possible to draw deductions from the results with a rea- 
sonable degree of certainty that errors arising from indi- 
vidual variation have been counterbalanced. It is also 
essential that the heat, light and moisture conditions should 
be equal upon each series of plants under consideration, and 
that these conditions should compare as closely as possible 
with the best method of cultivation. In the construction of 
the experiment house these details have been considered as 
carefully as possible. The house as now arranged consists 
of several sections, in which different temperatures can be 
maintained, for growing tomatoes, cucumbers, lettuce and 
other important plants subject to destructive diseases. The 
amount of money invested in the production of greenhouse 
crops is large and continually increasing, and no small part 
of our work consists in the study of the various diseases 
which affect them. 

For the last three years we have been investigating meth- 
ods of controlling the gall-forming nematode worm, which 
affects cucumbers, tomatoes, English violets, roses, cyclam- 
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ens and many other greenhouse plants. The results of the 
investigation are nearly ready for publication, but it seems 
desirable to first clear up a few remaining points upon the 
habits of the worm, which are not well known. 

Experiments are also being made upon the different meth- 
ods of pruning tomatoes, and upon the best light conditions 
for assimilation in greenhouse cucumbers. 

With regard to lettuce we are studying the mechanical 
conditions of the soil as affecting the crop, and the various 
fungous diseases to which it is subject, more eae the 
aoceet known as the ‘‘ drop.” 

In addition to these experiments, it may be mentioned 
that there are incidentally being carried on investigations 
upon the influence of electrical currents on the growth of 
plants. Bulletin 43 of this station embodied the most care- 
ful and extensive series of experiments ever made upon the 
subject... They were carried out by Mr. Asa 8. Kinney, 
while a student at the college, and did not necessarily fall 
under station work. The results obtained by him were of 
such a promising nature that it has seemed well worth our 
time to carry the investigation further. .It should be stated 
that any costly method of using electricity as an accelerator 
of plant development is not to be recommended. If, how- 
ever, any simple and cheap means of using electric currents 
can be used, which will give an acceleration in the growth 
of a crop equal to 30-40 per cent., it might be worthy of 
consideration by practical agriculturists. 

We have in progress a series of experiments with various 
gaseous substances, with a view to developing a treatment 
of this sort for combating fungous diseases of greenhouse 
plants. This method of treatment has been suggested by 
the extensive application which it has reached in extermi- 
nating insects. While we are as yet unable to present any 
results of great practical value, it is hoped that these ex- 
periments may lead to the development of an effective treat- 
ment for greenhouse plant diseases by the use of a gaseous 
substance. The great superiority of such method over that 
of spraying, which is in many cases inapplicable, needs no 
exposition. Our experiments thus far have been carried on 
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with two gases, hydrocyanic and formaldehyde. Neither 
of these appears to answer the purpose. The former, which 
has been found to be of considerable value as an insecticide, 
cannot be made effective as a fungicide without using a 
strength which will prove fatal to the plant. This we have 
determined by parallel exposures of various fungous spores 
and plants to the gas, and also by the fact that spores of the 
carnation rust, taken from plants which had been almost 
killed by over-exposure, germinated freely. Formaldehyde 
has a well-marked fungicidal effect, and is much less harm- 
ful to plants; but we cannot at present recommend it as a 
general fungicide, on account of the difficulty of producing 
it in sufficient strength. 

The past year has been an exceedingly abnormal one for 
vegetation, and as a result this division has had many in- 
quiries concerning plant diseases, different from those of 
ordinary years. The excessive and long-protracted rains 
and the lack of sunshine gave rise to a multiplicity of plant 
‘diseases such as we have not had for some years. This was 
the case not only in regard to our various crop plants, but 
our introduced ornamental species and even our wild plants 
were unusually affected by fungi. An unusual number of 
the so-called spot diseases made their appearance, and de- 
foliated to a greater or less extent more than one species of 
tree. These spot diseases were especially disastrous to the 
sycamore and butternut, both of which in many instances 
lost all their foliage; while other trees, such as the chest- 
nut and wild cherry, were more or less affected. The fungi 
causing these diseases are not new to these trees in this 
locality, but the abnormal conditions to which all vegetation 
was subjected proved amply sufficient to accelerate their 
growth and development. 

Whenever the normal conditions surrounding the plant 
are disturbed, we must expect to find irregularities in its 
functions ; and any serious irregularities in the plant’s func- 
tions are most likely to manifest themselves by the presence 
of some insect, fungous or bacterial organism. Abnormal 
functions, or, in. other words, physiological disorders, are 
in a majority of instances the basis of many plant diseases 
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with which gardeners have to contend; and, since we are 
liable to observe only the effects of the fungus or bacteria 
preying upon the plant, we too often think that they are the 
primary causes of the disease, when, as a matter of fact, 
they are purely secondary. 

This leads us to the subject of spraying as a preventive 
of plant diseases. From the hap-hazard manner in which 
it is often resorted to, one would gain the idea that it is in- 
tended as a curative rather than as a preventive remedy. 
This idea is erroneous, inasmuch as spraying is intended as 
a prevention rather than a cure. This misconception of the 
proper use of spraying solutions gives rise to the practice 
of using the Bordeaux mixture as a panacea for every plant 
disease. Upon this point we wish to state that it must be 
distinctly borne in mind that spraying under any condition 

is only a temporary means of preventing certain diseases. 
- The ultimate aim of all progress connected with gardening 
should be not only to improve the marketable product, but 
to improve the stock and increase our knowledge pertaining 
to proper cultivation, so that spraying will be unnecessary. 
Many experienced gardeners recognize this, and we find 
experts in almost every line of gardening who have had 
eminent success in controlling diseases without resorting to 
the use of fungicides. Some of the most experienced 
growers of carnations claim that they can control the many 
diseases which have of late years affected this plant, by 
simple, judicious methods in the management of the green- 
house. 

To expect that spraying is going to save plants that are 
improperly cared for, or to act as a cure for those already 
diseased, is absurd. There are many instances where spray- 
ing produces beneficial results, and at the present time it 
appears to be essential, in some instances, to the production 
of good crops; but there are also many instances where it 
is entirely useless. This applies especially to the diseases 
having their origin in improper care or in abnormal condi- 
tions surrounding the plant. The condition of the potato 
crop in Massachusetts during the past summer affords an 
illustration of how any amount of spraying would not save 


1898. ] PUBLIC DOCUMENT — No. 31. 213 


it from disease, when the soil was soaked with water and 
the plants in some instances practically submerged for days 
at a time. Every plant is surrounded by a host of para- 
sitic organisms, which, given the proper conditions, will 
manifest their distinctive properties. The healthy, vigor- 
ous plant is always less susceptible to the attacks of fungi 
than the weakly, abnormally developed one, — a fact which 
every practical gardener readily understands. We have 
seen this illustrated so many times in our work in the 
greenhouse that it may be well to give an example of it 
here. Certain species of non-parasitic nematode worms, 
which are always present in greenhouse soil, although appar- 
ently doing no harm as long as the plants are vigorous, 
will, as soon as the plant becomes weakened or abnormal 
from any cause, penetrate the tissues and cause rapid decom- 
position of the same. What is true in regard to nematodes 
applies also to fungi and bacteria, and, indeed, these various 
forms of organisms are most frequently to be found together 
in the decayed tissues of the plant. 

Before any attempt is made to spray diseased plants, it is 
well worth while to find out something about the nature of 
the disease with which the plants are affected. It is, for 
example, unwise to spray roses for the black spot or mil- 
dew when the roots are half decayed by the action of para- 
sitic gall-forming nematode worms ; and for the same reason 
it would be unwise to treat the ae disease of the English 
violet, when the roots are covered with hundreds of minute 
galls, and when the supply of nutriment from the root is 
greatly interfered with. 

On the other hand, spraying the apple, grape, potato and 
plum is at the present time justifiable and necessary; and 
there are many diseases common to greenhouse cucumbers 
and tomatoes which can be largely controlled by spraying, 
although it must be said here that by judicious management 
of the various conditions surrounding the plants these dis- 
eases can be checked. 
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THE CAUSES OF THE FAILURE OF THE PoTATO CROP OF 
1897. 


The disastrous effect upon agricultural crops of the exces- 
sive rainfall of the past season has been especially marked 
upon the potato. The small yield and large amount of rot-~ 
ting of this staple may be easily attributed to this source. 
In all sections of the State, as well as beyond our borders, 
the report has been general of a small potato crop and ex- 
cessive rotting. This rotting has been generally regarded 
as resulting from the well-known and ordinary ‘potato 
rot” fungus, Phytophthora infestans. In fact, however, we 
have to describe a series and variety of agents, which, 
under the favorable influence of the excessive rainfall, — 
an influence unfavorable to the vitality of the plant, — have 
brought about the diminution and destruction of the crop. 

At planting time the ground was extremely wet. The 
crop, however, started well, and the plants appeared above 
ground in a promising manner. Continuous rains kept the 
soil saturated with moisture, and before the plants had 
reached a height of more than six inches it was noticed in 
many places —usually the lowest and wettest portions of 
the field — that many of them were dying. Such plants did 
not collapse suddenly, but gradually turned yellow and faded 
away, most of them dying eventually, though here and there 
one would be seen which maintained a feeble, stunted growth 
through the season. This was the case not only in this 
vicinity, but it was also reported from various parts of the 
State. , 
Investigation of affected plants showed that the trouble 
was due to a rotting of the stem of the young plant below 
ground, which rotting evidently proceeded from the seed 
potato, which was found in every case to be a putrid mass, 
while the decay was gradually extending up the young stem. 
Careful search for the cause of the rotting failed to reveal 
any particular organism to which it could be ascribed. ‘That 
it was of bacterial origin seemed quite certain, as the de- 
cayed tissue swarmed with organisms of this class, while no 
fungus which could be considered the cause of the rotting 
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was found. In the cortex and exterior portions of decayed 
stems several forms of Micrococcus and also other bacteria 
were found in abundance. In the interior portions a large, 
motionless bacillus occurred quite abundantly and exclu- 
sively, and may have been the primary cause of the rotting. 
The most probable explanation, however, seems to be that 
the normal functions of the plant were disturbed and its 
growth checked by the unusual amount of moisture in the 
soil. The seed potato, with its supply of reserve food ma- 
terial for the young plant thus left idle in the soil, naturally 
rotted away, and this rotting communicated itself more or 
less to the young stem proceeding from the ‘‘seed.” The 
plant, not being in a condition of vigorous growth to resist 
this rotting, gradually succumbed to it, and in most cases 
died. The few plants, as mentioned above, which continued 
a feeble growth through the season, accomplished this by 
throwing out roots above the rotted portion of the stem, 
‘and thus prolonged a feeble existence. Such plants pro- 
duced no tubers, and consequently had no value whatever. 

This, then, was the first of the troubles affecting the 
potato crop in this section. We do not describe or con- 
sider it as a specific ‘‘ disease” of the potato, nor do we 
deem it necessary to consider any treatment for it. We at 
first recommended removing affected plants, but doubt now 
if such a course would have been of any considerable prac- 
tical value. We are inclined to believe that the trouble 
was not brought about by any specific or especially destruc- 
tive organism, but was simply the result of the unusual 
meteorological conditions of the season, and under such 
conditions could not be prevented from occurring by any 
means at our command. 

By July 1, most of the plants which had fallen a prey 
to the above disease were withered away and dead, while 
those which had escaped had made a fairly good growth and 
nearly reached maturity in point of size. About July 15 
several hot, sunny days came on, following a long very 
rainy spell. In many potato fields on low ground the plants 
began to wilt and die down. In a large field at the college, 
situated on a long slope, the plants at the top were un- 
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affected, but those in a limited area at the bottom of the 
slope —the wettest part of the field —began to wilt (see 
plate). Many had already died here from the effects of the 
first disease. It is a well-known fact that plants often wilt 
when exposed to strong sunlight after a continued cloudy 
and wet period, this being due to excessive evaporation 
or transpiration of water from the leaves. In this case, 
however, the wilting was too pronounced to be attributed 
to this simple physiological phenomenon. Investigation 
showed that the leaves were not ‘‘ blighted ” nor were they 
affected in any way except the simple wilting, which was 
evidently caused by some trouble at the root. Plants were 
then dug in various portions of the affected area, and in all 
stages of collapse, and their roots examined for the cause of 
the trouble. It was found that there was no one organism 
(except possibly bacteria) attacking the plant, but there 
was a general rotting, resulting from the wet condition of 
the soil and consequent low vitality of the plant. The 
features of this rotting varied greatly in different plants, 
however, and scarcely any two were affected in an exactly 
similar manner, it being almost impossible to specify a 
' feature of the disease common to all, except the wilting of 
the tops. In the very wettest part of the affected area 
the tubers were rotting badly. These rotten tubers were 
swarming with bacteria, but they were of various kinds, 
and to no one could be ascribed the beginning of the 
trouble. Various species of fungi were found in some, but 
these were moulds and similar forms, and included nothing 
which by any probability could have caused the rotting. 
Since fungi were entirely absent in many of the rotten 
tubers, it is certain that they did not cause the trouble. In 
many cases the decay seemed to have started where a grub 
of some kind had eaten into the potato. On somewhat 
dryer ground, where the plants wilted, the tubers were not 
rotten. In many cases, however, the stem was found to be 
decayed just where it joins the root. The young rootlets 
were also rotting, so that the cortex fell away from the 
central portion. These symptoms also occurred, and more 
pronouncedly, in cases where the tubers were rotten, In 
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these decayed stems and roots no one organism could be 
found as the cause of the rotting. Bacteria (mostly micro- 
coccus) swarmed in all affected parts, and several mould 
fungi also occurred. Quite noticeable on all affected plants 
was the occurrence on tubers and even on the base of the 
stem, of small, white, mealy dots, scattered abundantly 
over the surface. These were apparently enlarged lenticels, 
being composed of parenchymal cells breaking out at the 
surface. It seems probable, or is at least possible, that their 
production was due to the scarcity of air in the wet soil. 

We can only conclude here, as in the other case, that this 
eannot be called a definite disease, but rather was the result 
of abnormal and unusual conditions. During the long-con- 
tinued rain the living functions of the plant were disturbed 
and its growth checked. Various organisms then came in, 
and, gaining a foothold, so weakened it that when the sun 
came out it wilted down and in the worst cases died. Had 
it been possible to thoroughly cultivate and stir the soil 
at this time, it is reasonable to suppose that much of the 
trouble might have been averted; but the extreme wetness 
made such a course impossible. 

This trouble came on after the potatoes had reached a 
marketable size. We therefore recommended digging them 
in all affected places, in order to save them from decay. Be- 
yond this there could be no practical treatment suggested. 

Early in August, or even sooner, the real potato blight 
or rot, Phytophthora infestans, began to appear, and devel- 
oped very extensively during the month, killing the tops of 
potatoes everywhere, and causing great loss by rotting of 
the tubers. This disease is too well known to need ex- 
tended description. Its ravages might probably have been 
controlled to some extent by thorough spraying throughout 
the season, but it would have been practically impossible to 
entirely prevent it in such a summer. 


THe ‘‘Drop” or LETTUCE. 
The loss represented by this disease frequently amounts 
to thousands of dollars in a single season in Massachusetts. | 
Almost every lettuce grower has had more or less experi- 
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ence with it, although, as with every other disease, some 
have been much more affected than others. We have 
known several instances during the season where extensive 
growers have lost practically their whole crop, and, as a 
consequence, have become much discouraged with lettuce 
growing. Inasmuch as the general characteristics of this 
disease were given in the ninth annual report, it is not nec- 
essary to enter upon any minute description here. Suffice 
it to say that the disease makes its appearance in the stem, 
close to the surface of the ground, where the tissue becomes 
slimy and soft, and eventually the whole stem at this point 
disintegrates and collapses. This occurs most frequently 
just as the plants reach maturity. 

The fungus causing this disease is well known to all green- 
house men. The ‘damping fungus” (Botrytis), which 
causes the drop, often gives rise to disastrous effects on 
begonia and other cuttings in the propagating pit. The 
fungus, however, as it appears upon the lettuce, presents 
some aspects which are different from its appearance upon 
cuttings, and reaches a more advanced stage of develop- 
ment. Our present knowledge in this direction possesses 
more of a technical than practical interest, although an un- 
derstanding of the complete life history of the fungus will, 
no doubt, lend much aid to its rational treatment. 

The natural conditions governing the development of the 
organism appear to be similar to those of most organisms, 
—that is, it requires the presence of oxygen. It is well 
known that almost any object when driven into the ground 
will undergo disintegration much more rapidly at the sur- 
face of the soil, for here the conditions of moisture, etc., 
are most favorable for the organisms producing disintegra- 
tion. And so it is with the ‘‘ drop” fungus; it finds just 
the conditions at the surface of the soil, under the moist, 
shady leaves of the mature lettuce plants, for its destructive 
work. 

Our experiments upon the control of this fungus are by 
no means complete, but it will not be out of place here to 
offer some suggestions in regard to its general habits and 
the methods of treatment which may be tried. Probably 
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every grower has the germs of the disease in his lettuce soil 
to a greater or less extent, but the conditions giving rise to 
their excessive development are not always present. Some 
claim that manure is the principal source of infection; yet, 
on the other hand, while all use manure, all are not troubled 
in the same degree. As a remedy for the drop, some have 
resorted to the practice of sanding the surface of the soil or 
putting on a layer of yellow loam. ‘This is for the purpose 
of giving a clean, uninfested surface to the soil surrounding 
the plants. In regard to the effect of this treatment, it may 
be stated that opinions differ considerably. Whether the 
method of applying a superficial layer of sand or subsoil to 
the surface will be of any assistance in keeping the drop in 
check appears somewhat doubtful, from an experiment made 
of burying some infested plants to a depth of three or four 
inches in a pot of yellow loam subsoil. It was found that 
the fungus made its way to the top in a very few days, as 
was evident from the mould-like growth of the mycelium 
upon the surface of the soil and the death by drop of plants 
which had been set in the pot. Neither can we expect much 
from the application of chemicals, as any such treatment 
would interfere with the growth of the plant, and hence 
become objectionable. Some experiments are now being 
made with gases, with the idea of killing the organism 
by fumigation; but this method does not promise much 
success. 

The application of live steam to the soil, and thus steril- 
izing it, would undoubtedly destroy the germs of the dis- 
ease. To do this would necessitate laying two-inch tile at 
a depth of eight inches or a foot below the surface of the 
soil, and at a distance of one or two feet apart, and driving 
in steam under pressure and allowing the same to permeate 
the soil. This method can be employed on a small scale 
with good results, but the larger area of a lettuce house 
would render its practical application uncertain. Another 
method of treatment by steam, which would be far cheaper, 
would be to sterilize the surface of the soil to a depth of 
three or four inches or more. This can be done by con- 
structing a pit in the lettuce house and covering the bottom 
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with tile or one and one-half or two inch steam piping. 
The tile allows the steam to escape very readily; and, in 
order to get the best effect, they should be laid close to- 
gether, say one foot, or less. In case steam pipes are 
used, —and they are probably more effective than tile, — 
they should be bored with holes every three or four inches, 
to allow the steam to escape. With an arrangement of this 
kind, one would be able to sterilize the soil in a few hours. 
A pit twenty feet long, ten feet wide and eighteen inches 
deep would hold sufficient soil to cover twelve hundred 
square feet of surface three inches deep. The time required 
to heat this earth up to 200° F. would be only a few hours. 
Of course the pressure of steam available, the closeness of 
the pipes and the number of outlets for the steam would 
largely determine the time necessary to heat the earth. 

Various methods of treatment for this disease are being 
tried, to determine how it may be most effectually dealt 
with. In connection with the method of steam sterilization, 
which seems by far the most promising, it is especially de- 
sirable to ascertain just how deep the soil must be sterilized 
In order to keep down the fungus. ; 


THe Asparagus Rust. 
(Puccinia asparagt. D.C.) 

In the last annual report of this division attention was 
called to a new disease which had appeared upon the aspar- 
agus, and the apprehension expressed that it might come to 
be aserious matter. That apprehension has been more than 
justified. The asparagus rust, unknown to the growers of 
Massachusetts in 1895, slightly prevalent in 1896, has ap- 
peared everywhere during the past season, and bids fair to 
become a most important factor in the growing of this crop. 

The disease first appeared in the fall of 1896, both in this 
State and in several others, but was not generally prevalent 
at that time, although in some fields it was very abundant. 
Cutting and burning infested tops was generally recom- 
mended and to some extent practiced; but the majority of 
asparagus growers had not as yet become acquainted with 
this new danger menacing their crops. 
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This rust, like the well-known one of the wheat, has three 
different stages or forms in its development, though in this 
case they are all developed upon the asparagus plant, while 
in the other, one form comes upon the barberry bush and 
the other two upon the wheat and other grains and grasses. 
When first noticed in 1896, the asparagus rust was in the 
fall stage, the black rust or ¢eleuto stage, the earlier stages 
not having attracted attention. In 1897 many asparagus 
fields were found to be affected as early as July 1, and by 
August the complaint was general throughout the asparagus- 
growing sections of the State. It was now the red rust, or 
uredo form, which was present, being followed again in the 
fall by the black form. Apparently almost every field of 
asparagus in the State was affected before the end of the 
season. The rust in most cases appeared first on young 
beds, — which was natural to expect, since the stalks were 
not being continually cut off as they appeared. In the older 
beds, from which the stalks were being cut for market, little 
or no rust appeared until well into July or August, after 
cutting had been suspended and the tops allowed to develop. 
In most cases, however, they were soon affected as badly as 
any. The effect of the rusting was that the tops lost their 
green color, and turned brown and died prematurely. Mr. 
George P. Davis of Bedford says in regard to his beds: 
‘‘ The twenty-sixth of July the tops were all turned brown, 
and looked as though a fire had swept over the field. There 
was no green to be seen. . . . In handling the tops a fine 
dust which looked like smoke was quite noticeable.” This 
dust consisted of countless numbers of the spores of the 
fungus. 

The first attempts at checking the rust were made in the 
fall of 1896, and consisted of cutting and burning affected 
tops. When the disease appeared so extensively in 1897, 
many growers cut the tops in August, when they had 
become badly rusted. It is impossible to say with much 
certainty what the result of the first cutting (fall of 1896) 
may have been, inasmuch as comparatively few beds were 
thus treated or badly affected at that time. A good-sized 
bed at the college was considerably rusted, and the tops 
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were cut and burned late in the fall. The bed was well 
cultivated and fertilized, and no rust appeared upon it in 
1897 (that is, not enough to be noticeable) until well into 
the fall, when the black rust stage was quite as abundant as 
it had been in 1896. Mr. 8S. T. Davis of Orleans also men- 
tions having observed a small bed, which was cut in the fall 
of 1896, upon which no rust appeared in 1897. Whether 
the cutting of the tops or some other factor kept down the 
rust in these beds, we are not prepared to say. The cutting 
which was quite extensively practiced in the summer of 1897 
seems to have been entirely without effect, as the rust ap- 
peared again just as badly on the second growth. 

The experience of another season is necessary to demon- 
strate the actual effect and seriousness of this disease. Its 
perennial occurrence to the extent of the past season could 
not fail to have a disastrous effect upon the asparagus-grow- 
ing industry. It is not the sort of disease which is effect- 
ually suppressed by spraying methods, though something 
of that sort may be developed if it becomes necessary.* It 
should be remembered, however, that the past season was 
an unusually favorable one for all fungous diseases, and 
consequently it may have developed much more extensively 
than it ordinarily would. If it could be mostly confined to 
its teleuto or black rust stage, which appears in the fall 
when the plants have practically completed their growth, it 
is not probable that any serious injury would result. At 
all events, the effect of the great prevalence of the rust in 
1897 upon the asparagus crop of 1898 will be awaited with 
great interest by all interested in its cultivation. 


THe Fire Buiient. 
(Micrococcus amylovirus.) 

This disease of the pear, quince, apple and other poma- 
ceous trees has been the subject of frequent inquiry during 
the past season. It ordinarily causes the most damage on the 
pear and quince, and is one of the most destructive of plant 


* Recent experiments indicate some amenability of the rust to spraying, although 
not more than twenty-five per cent. reduction is claimed. 
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diseases. The trouble appears in the branches, sometimes 
a whole limb of considerable size, but more often the smaller 
terminal twigs, being affected. These portions of the tree 
suddenly wilt and die, the leaves and young fruit turning 
black and hanging to the branches, producing the character- 
istic scorched appearance which gives the disease its name. 
It spreads rapidly about an orchard and increases from year 
to year, often involving the entire tree and causing its death 
if left unrestricted. 

The cause of this trouble was long a matter of specula- 
tion, but it is now known to be a species of bacteria which 
gains access to the tissues of the tree and by its rapid 
multiplication therein causes great destruction. This dis- 
ease cannot be reached by spraying, and the only remedy 
consists in severely cutting back all affected branches, or 
whole trees if badly affected. All such prunings should 
then be destroyed by burning. This cutting should be done 
whenever the disease is observed, but is especially advisable 
in the fall or late summer, when the trees should be care- 
fully examined, to make sure that no diseased branches or 
twigs are left to perpetuate the disease over winter. As 
the disease affects the hawthorne (Crategus), shad bush 
(Amelanchier) and mountain ash (Pirus Americana), as 
well as the cultivated fruits, it may spread from some of 
these wild trees to the latter, unless care is taken to prevent 
such contagion. It is not probable, however, that such in- 
fection is ordinarily at all extensive. 


THE QUINCE Rust. 
(Gymnosporangium clavipes C. and P.) 

The numerous inquiries which we have received during 
the past season concerning this not uncommon trouble, as 
well as our own observations, indicate that it has been un- 
usually prevalent and destructive. The disease affects prin- 
cipally the fruit, but also the young wood, causing distortion 
and malformation in both cases. It is very conspicuous 
upon the affected quinces in midsummer, both from their 
distorted shape, and from the numerous white, tubular ex- 
crescences appearing upon their surface. These excres- 
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cences contain masses of the bright orange-yellow colored 
spores of the fungus which causes the disease. The fungus 
has a peculiar course of development. It not only exists in 
the form seen upon the quince, but has also another form or 
stage, living upon a different kind of plant and quite differ- 
ent in appearance. ‘This stage of the fungus lives upon the 
red and white cedar and the juniper, and is one of the forms 
which produce upon those plants the abnormal growths pop- 
ularly known as ‘‘ cedar apples.” These cedar apples are 
peculiar outgrowths upon the twigs of cedars and junipers, 
reaching their complete development in early spring. They 
are oftentimes regarded as the proper product of the tree, or 
as insect galls, — which ideas are equally incorrect. These 
growths begin to form in midsummer, developing as small 
excrescences upon the twigs and gradually increasing in 
size until winter, when they are nearly full grown. An 
‘‘apple” consists at this stage of an abnormal mass of the 
cells of the tree, with the filaments of the fungus growing 
abundantly between them. Remaining thus over winter, 
the first warm, moist weather of spring starts it into further 
growth and development. Upon the surface of the affected 
wood numerous projections appear, of a conical shape, and 
composed of a yellow, gelatinous substance. These projec- 
tions are composed of a mass of the fungous filaments and a 
gelatinous substance which they secrete. In them are pro- 
duced the spores of this, the telewto stage. These spores 
are composed of two cells and borne on long stalks. The 
sudden appearance of these peculiar growths on cedar trees 
just after a spring rain is often taken for the blossoming of 
the tree, but is in reality the fructification of the fungus 
parasitic upon it. The gelatinous appendages of the cedar 
‘“‘apples” soon dry up and wither away after the rain, but 
not until the teleuto spores contained in them have ger- 
minated and produced secondary reproductive bodies called 
sporidia. These are carried away in the air, and proceed 
to infect, not cedar trees, but quinces or one or two other 
related plants. Upon the surface of these they germinate 
and produce filaments which grow into the substance of the 
young fruit or stems, and by their presence there cause the 
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distortion in shape seen in affected specimens. Upon this 
host the fungus forms little pustules just beneath the sur- 
face, finally breaking out into the air as tubular projections. 
In these are formed the yellow spores of this stage, called 
ecidia. These spores are unable to infest quinces again, 
but upon cedar trees begin the development of a new gen- 
eration of ‘‘apples,” which will in turn produce teleuto 
spores the following spring. 

Treatment. — It is not often that the damage caused by 
this disease is of great extent. Sometimes, however, it 
becomes sufficiently troublesome to make it worth while to 
attempt to repress it. It is evident that the most vulnera- 
ble point of the fungus causing the trouble lies in its inabil- 
ity to reproduce itself continuously upon the quince. The 
most direct method of treatment, therefore, is to extermi- 
nate all white and red cedars and junipers from the vicinity 
of the orchard, and cut off all affected parts of the fruit 
trees, or entirely destroy badly affected ones. This, for 
various reasons, however, may not always be possible or 
desirable. As to spraying methods, it has been found quite 
effective to spray with Bordeaux mixture two or three times 
during the spring, especially during or just after rainy 
weather, when the spores are being disseminated. It may 
also be possible sometimes to remove affected twigs of 
cedar and juniper trees before the spores have been pro- 
duced. 

This same fungus has also been unusually abundant during 
the past season upon the fruit of various species of Crate- 
gus (hawthorne), accompanied by an equal abundance of 
the closely related species, Gymnosporangium globosum, 
upon the leaves. We have also noticed these or related 
species upon the fruit of the Japanese quince (Cydonia 
Japonica) and mountain ash (Pirus Americana). 


THE Brown Rot or Stone FRuits. 
(Monilia fructigena. Pers.) 
This well-known disease found in the past summer just 
the conditions suited to its best development, and the peach, 
plum and cherry crops suffered in consequence. The dis- 
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ease needs no description to those who have ever tried to 
raise any of the above-mentioned fruits. It appears in the 
summer, some time after the fruit has set, often just as it 
comes to maturity, or even earlier in the season, the time 
of its appearance depending a great deal upon the weather, 
a warm, rainy period being liable to bring it on at any time. 
Indeed, it does not always wait for the production of fruit 
upon which to make its attacks, but often develops upon the 
blossoms, causing them to abort, and spreading thence into 
the young twigs upon which they are borne, results in their 
death. Upon the fruit the rotting is almost always found 
to some extent at the time of ripening, and, as already 
mentioned, often occurs earlier in the season when the 
weather is favorable, 1. e., warm and moist. At such times 
the greater part of the crop is sometimes destroyed. In 
cherries the chief damage is done upon the ripe fruit. In 
peaches and plums, which have a longer season of ripening, 
the young fruit is more frequently affected. Early peaches 
are considered more susceptible to the disease than the later 
varieties. | 

The cause of this disease is a mould-like fungus (a true 
parasite, nevertheless), which spreads its vegetative fila- 
ments through the affected fruit and thus causes its decay. 
Wet weather brings about the rotting of the fruit by favor- 
ing the growth of the fungus, not by its direct effect. Fruit 
which is affected begins to discolor and soften, and gradu- 
ally dries up and shrivels into a shrunken mass about the 
stone. It often remains on the tree for months, especially 
in the peach. In the early stages of infection the surface 
becomes covered over with little grayish spots of a powdery, 
dusty nature. These are clusters of the spores of the fun- 
gus, produced in countless numbers on the ends of filaments 
from the inside of the fruit which have pushed out through 
the surface. These spores, which serve to reproduce the 
fungus, are extremely minute in size, so that en masse they 
appear as a fine dust. Being easily carried by the wind, 
they are spread far and wide, and may thus infect a large 
district in a few days, under favorable conditions. After 
becoming dry and hard the affected fruits cease producing 
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spores, but their period of harmfulness is not yet ended. 
After lying over winter in a dormant state, the fungus in 
them is again aroused to life by the warm rains of spring, 
and begins the production of spores which are ready to in- 
fect the crop about to be produced. 

It has been thought practicable by some to exterminate or 
at least greatly reduce this disease by the destruction of all 
affected fruit and thus prevent the fungus from surviving 
through the winter. The variety of fruits upon which it 
can exist, however, and the practical hopelessness of accom- 
plishing the destruction of any considerable proportion of 
it, together with the uncertainty of the fungus being alto- 
gether dependent upon the dormant stage found in the 
dried-up fruit for its existence over winter, make the suc- 
cess of this plan very doubtful. We would not, however, 
discourage the practice of removing and destroying the 
affected fruit, especially any remaining upon the trees over 
winter ; for this may result in future decrease of the rotting, 
especially in isolated orchards or trees. 

The usual methods of orchard spraying have been found 
to keep this disease in check to a considerable extent, though 
in favorable weather it will often sweep through an orchard, 
despite all precautions. The spraying should be begun 
early, and kept up through the season with considerable 
frequency, especially near the time when the fruit is matur- 
ing. For such spraying, Professor Maynard recommends 
the use of the ammoniacal copper carbonate or a weak 
solution of copper sulphate. Details in regard to the treat- 
ment of this disease may be found in Bulletin 44 of this 
station. 


THE CHRYSANTHEMUM Rust. 
(Puccinia Tanacett, 8.) 


In the last annual report a rust upon chrysanthemum 
leaves was described, this being, as far as known, the first 
published mention of such a disease. The specimens were 
sent by Mr. G. H. Hastings of Fitchburg, who had experi- 
enced heavy loss as the result of the rust. This was the 
only occurrence of the disease encountered during 1896. 
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This year it has appeared in many places, both in this and 
other States, occasioning considerable loss, as it is often very 
destructive to infected plants. It is not yet generally 
known, however, among those who cultivate the chrysanthe- 
mum, though we fear that it may be by another year. Judg- 
ing from the history of many similar diseases (asparagus 
rust, carnation rust, hollyhock rust, etc.), it will not be 
surprising if a general epidemic of this disease occurs next 
year. It will be well worth while, therefore, for growers to 
take precautions for guarding against it as much as possible, 
especially those whose stock is already infected. Great care 
should be exercised to get cuttings from vigorous plants, 
unaffected by the rust; and it will no doubt be profitable in 
the end to spray them a few times during the summer with 
the Bordeaux mixture or potassium sulphide, using one ounce 
of the latter in two gallons of water, or stronger, if the 
leaves will stand it. Should the rust appear on the young 
plants, they should certainly be sprayed at once and at fre- 
quent intervals thereafter, and the affected plants removed 
and destroyed. It will be useless to try to save them as 
they are doomed to destruction, or at best will only attain 
a weak, sickly, worthless growth. When the plants are 
placed in the benches for the fall, great care should be taken 
that no rusty specimen goes in, else it may bring about the 
ruin of the entire lot. Further than these suggestions little 
more can be said about the disease until time shall have 
shown what its seriousness may be and to what extent it can 
be controlled. 

There are several other diseases affecting the leaves of the 
chrysanthemum, so that some may be in doubt whether their 
plants are really infested with the rust. It causes discolor- 
ation of the leaves, like other less destructive diseases, but 
may be distinguished from them by its production of small 
pustules, of a dark-red, powdery substance, on the under 
side of the leaves, something as in the carnation rust. This 
red powder consists of the spores of the fungus, which re- 
produce and disseminate it. 
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A DISEASE OF THE CULTIVATED GERANIUM. 


During the past summer there appeared upon the leaves of 
some geranium plants upon the college grounds a disease 
which appears to be different from anything heretofore de- 
scribed. The plants in question grew in a long border bed, 
and comprised several different varieties. Along the back 
edge of the bed, trees and low shrubbery hung over to a 
considerable extent, so that the plants in that portion were 
quite shaded, while those in front were exposed more directly 
to the sun. The disease came on in the latter part of July, 
during the rainy weather then prevailing. The leaves began 
to turn yellow in small spots, which gradually increased in 
size, the leaf tissue dying away at those points; thus the 
leaves soon became covered with dead spots of considerable 
size, and finally lost their vitality completely. The plants 
in the front of the bed were most affected, those in the 
shaded portion showing little or none of the disease. All 
varieties, as above mentioned, were equally affected. The 
plants were sprayed with the Bordeaux mixture, but with no 
apparent success. The same disease was brought to our no- 
tice in Northampton and also in the eastern part of the State. 

The trouble appeared to be the result of the attack of some 
fungus, but investigation of the affected leaves failed to re- 
veal any such organism. Neither was there any evidence 
of the presence of insects. Numerous bacteria, however, 
were found in all affected tissue, and appeared to be the 
cause of the spotting of the leaves. We do not consider this 
a genuine disease of the geranium, nor do we expect to find it 
occurring in the future. That the plants were in a condition 
of low vitality and hindered growth by reason of the exces- 
Sive moisture, and hence were an easy prey to organisms 
which ordinarily would be unable to affect them, seems the 
most probable explanation. The futility of spraying to pre- 
vent such a disease becomes apparent when its real nature is 
revealed. 


Some Lear Bruiacuts or NATIVE TREES. 


During the past season several different kinds of trees 
have been so generally affected with certain leaf-attacking 
fungi as to become almost entirely defoliated before the end 
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of the summer. While of no great economic or practical 
importance, these attacks have been so marked and their 
effects so conspicuous that a brief description of the nature 
of the trouble may be of interest. The following diseases 
were generally prevalent wherever the host trees occurred, 
over the considerable portion of New England which we vis- 
ited during the summer. 


A Leaf Blight of the Sycamore or Buttonwood. 
(Glocosporium nervisequum Fekl. Sacc ) 


Numerous inquiries reached us during the spring and 
early summer concerning the very prevalent and destructive 
blighting of the leaves of the sycamore tree (Platanus occi- 
denialis). It is probable that every good-sized tree of this 
species in the State was attacked by the disease. The 
younger trees were apparently, for some unexplained reason, 
less susceptible. The trouble appeared in May, when the 
trees, which had just leaved out, appeared as if they had 
been nipped by a frost or scorched by fire. The leaves with- 
ered and turned brown, the new twigs were killed and many 
of the leaves fell to the ground. In this condition the trees 
lost all beauty, and became unsightly objects. This disease 
is not entirely new in this State, although it has never been 
so generally prevalent before. It was first described in Ger- 
many in 1848, and has been common in various parts of 
Europe since then. In this country it has occurred mostly 
within the last fifteen years. It first appeared in the District 
of Columbia, Ohio, Kentucky and other parts of the country 
south of here, but is now widespread. 

The cause of this disease is a parasitic fungus, growing in 
the leaves and young twigs of the tree, and causing their 
death. Several other fungi are usually found in connection 
with the disease, and may have something to do in causing 
it. This disease is a very serious drain upon the vitality of 
the tree, and often results in its death. Its occurrence early 
in the season, however, favors the tree, since it has a chance 
to, and in fact does, produce a new crop of foliage to carry 
it through the season. This exhausts the tree, however, and 
if repeated for several seasons is likely to cause its death, 
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As to a remedy for this disease, there is little to say. 
Spraying with fungicides is not to be practically considered, 
on account of the size and small economic importance of the 
tree. Gathering and burning diseased branches and leaves 
might lessen the trouble somewhat; but, if the disease con- 
tinues to prevail, it will probably be best in the end to dis- 
pense with the sycamore as an ornamental tree, and plant 
something else instead. 


A Leaf Blight of the Butternut. 
(Glocosporium Juglandis (Lib.) Mont.) 


No fungous disease has been more noticeable throughout 
the State during the past season than this. It first became 
apparent in July, when butternut trees were noticed to be 
losing their foliage. Examination showed that the rapidly 
falling leaflets were covered with dead and discolored spots, 
and had lost their vitality. All trees were not affected in 
the same degree, as some were almost completely defoliated 
in August, while others were attacked later or lost their 
leaves more slowly. By October 1, however, it was almost 
or quite impossible to find a butternut tree which had not 
lost the greater part of its leaves. — 

The cause of the trouble is a fungus, which lives in spots 
in the leaf, killing the tissue at these points and gradually 
causing the death of the whole leaflet, so that it falls to the 
ground. The disease spreads rapidly from leaf to leaf and 
from tree to tree, and many trees are soon defoliated. It is 
a well-known fungus, but has been unusually abundant this 
year. 

A Leaf Spot of the Chestnut. 


(Septoria ochroleuca (B. and C.) 


This is another disease, quite similar to those above de- 
scribed, which has been very prevalent this year. It first 
_ became noticeable in July, when the ground under chestnut 
trees was covered with fallen leaves. Upon these leaves the 
fungus manifested itself very prominently in small, round, 
dead spots, about one-eighth of an inch in diameter, scat- 
tered over the surface more or less abundantly. These 
spots are the points where the fungus has become estab- 
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lished and killed the tissue. The fungus, like all those 
causing these diseases, reproduces itself by spores, which 
are produced in minute cavities in the dead area, usually 
on the under side of the leaf. Almost all the leaves on 
affected trees become dotted over with the little dead spots, 
and most of them fall to the ground before their time, thus 
weakening the tree. The disease is not, however, an espe- 
cially destructive one, except to the beauty of the tree. 


A Leaf Spot of the Wild Black Cherry. 
(Septoria cerasina, Pk.) 


The well-known ‘‘ shot-hole” fungus, which often causes 
extensive damage to the plum and cherry, has been exceed- 
ingly abundant this year upon the leaves of the wild black 
cherry (Prunus serotina), many trees being almost entirely 
leafless in August. This fungus attacks the leaves of plums 
and cherries of several species, producing dead spots upon 
them, and eventually causing their death. In connection 
with the wild cherry the disease has little economic impor- 
tance, except as it may spread from that tree to cultivated 
species. On this account, the destruction of the wild cherry, 
so desirable for the repression of the black knot and tent 
caterpillar, is even more advisable. 


GACTERIAL BLIGHT OF GERANIUM 
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REPORT OF THE HORTICULTURIST. 


SAMUEL T. MAYNARD. 


The lines of work in this division the past season have 
been largely the same as for 1896. 


RASPBERRY SEEDLINGS. 


The collection of raspberry seedlings, now three years 
old, produced a large crop of fruit the past season, and many 
most promising varieties were found among them. ‘These 
seedlings were from the hybrid or purple-cap variety Shafer. 
They produced a great variety of forms, from the black-cap 
type (Itubus occidentalis), the hybrid type of the parent, to 
some of the most beautiful forms of the red raspberry 
(Rubus strigosus) and to albino forms of both species. 
Careful records of the hardiness of cane, vigor of growth, 
time of ripening, productiveness and quality were made 
during the season, and at this time the plantation is a very 
handsome one. 

Another collection of seedlings from the same source, but 
one year younger, also shows many interesting forms of 
growth. 


SEEDLING CURRANTS. 


About three hundred seedling currant bushes two years 
old have made a good growth and show many interesting 
varieties. 

GRAPE SEEDLINGS. 


The collection of seedling grapes, numbering some six 
hundred varieties, is very interesting. The growth has been 
very vigorous and healthy, and most of them are in a con- 
dition to yield enough fruit next season to determine some- 
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thing of their value. From the appearance of the foliage 
and the growth of vine we may look for a great variety of 
types of fruit. 


STRAWBERRY SEEDLINGS. 


This collection, numbering about four hundred varieties, 
is In a very fine condition, and some varieties have shown 
decided merits. 


NAMED KINDS OF STRAWBERRIES. 


Many new varieties of strawberries of decided merit have 
been added to the collection. Many of the older varieties 
of little merit have been discarded, and the plots at this 
time never looked so well. 


STRAWBERRY FIELD. 


The field crop is planted on the knoll south of the old 
farm buildings, and is in a remarkably good condition. 
This land is of a gravelly nature, but with a retentive sub- 
soil of hardpan, which in an ordinarily moist season may be 
depended upon to produce a large crop of fruit, but in a 
very dry time suffers severely. The land slopes in such a 
manner that either the trench system or the spraying sys- 
tems of irrigation or sub-irrigation can be employed in case 
of drought. Two reservoirs on the grounds are available 
for this purpose, and the three methods may be compara- 
tively tested. A considerable quantity of two and one-half 
and two inch pipe on hand is available for this work. This 
need not be of any great expense, while its importance is 
very great, as no comparative results have ever been ob- 
tained that show whether any of the methods can be profit- 
ably employed, or which is the most valuable. 


VARIETY TESTING. 


The value of the comparative tests of varieties of fruits, 
vegetables, flowers, etc., is often discussed. That it is a 
legitimate and important part of the work of the stations is 
shown in the demand made for the publications recording the 
results of such tests. When we consider the large number 
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of new varieties of fruits, vegetables, etc., offered to the 
public every year at high prices, with the claim of merits 
for them far above those of the standard sorts, and which 
the average grower cannot afford to buy and test, it is cer- 
tain that the stations can save the people much loss and ex- 
pense. 


In the work of variety testing at this station in past years, 
the reports show that the new varieties reported as being the 
most valuable have been those that later were considered 
most valuable and were most largely grown by the commer- 
cial grower, while the varieties reported as having little or 
no value have been everywhere soon discarded by the grow- 
ers who tested them. This work would be of much greater 
value, without doubt, if one or more sub-stations in different 
parts of the State could be established, where the same var- 
ieties could be tested under different conditions of soil and 
exposure. 

The large number of new varieties of all kinds of fruit, 
vegetables, etc., being introduced every year, and generally 
with extravagant claims of merit, renders this work of the 
Experiment Station imperative, and the people should refuse 
to purchase such varieties until they have the endorsement 
of the stations of several States. A single season’s trial of 
a variety is of very little value. It requires several years, 
at least, to prove the value of vegetables or even the more 
early maturing small fruits, while tree fruits require a much 
longer period. 


OTHER EXPERIMENTS. 


Among the other experiments now under way may be 
mentioned the destruction of greenhouse insects by the use 
of hydrocyanic acid; the testing of the value and keeping 
qualities of some fifty-five varieties of celery; sub-irrigation 
in growing lettuce under glass; the use of different kinds of 
mulch for strawberries; methods of overcoming the aspar- 
agus rust; testing varieties of dwarf Lima beans, etc. 

Reports will soon be made of the results of the variety 
tests of fruits, vegetables, etc.; the use of ‘‘ Laurel Green” 
as an insecticide and fungicide; of arsenate of lead as an in- 
secticide ; and of other work done during the year. 
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REPORT OF THE CHEMIST. 


DIVISION OF FOODS AND FEEDING. 


J. B. LINDSEY. 
Assistants, E. B. HOLLAND, F. W. Mossman, B. K. Jones, H. H. ROPER. 


Part I.— LABORATORY WoRK. 


Outline of Year’s Work. 


Part IJIJ.— FEEDING EXPERIMENTS AND DAIRY 
STUDIES. 


PIR re 


EXTENT OF CHEMICAL WoORK. 


The work of the chemical laboratory connected with this 
department has very materially increased during the past 
year. There have been tested 150 samples of water, 197 
samples of milk, 2 samples of oleomargarine, 1 sample of 
butter, 123 samples of miscellaneous substances. In addi- 
tion to the above, which were sent to the station for exami- 
nation, there have been analyzed 260 samples of milk and 
388 samples of feed stuffs, in connection with experiments 
in progress by this and other divisions of the station, 
making a total of 1,147 substances which have passed 
through the laboratory within twelve months. There have 
also been carried on, for the Association of Official Agricult- 
‘ural Chemists, chemical investigations, relative to the meth- 
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ods best adapted for the estimation of starch in agricultural 
products. This has involved a great amount of chemical 
work, the extent of which it is impossible to express in mere 
figures. 

CHARACTER OF CHEMICAL WoRK. 


Water. — The analyses of water have been made by the 
same methods as heretofore, and with the same end in view, 
namely, to aid farmers and others in guarding against the 
danger arising from the use of waters coming from polluted 
springs and wells. Illness frequently occurs in the family, 
the cause of which it is often difficult to explain, until an 
examination of the water reveals its pollution with sink, 
privy, stable or other drainage. The waters tested show 
much the same condition as in former years; in round num- 
bers, 15 per cent. could be pronounced excellent, 40 per 
cent. fair, 25 per cent. suspicious and 20 per cent. danger- 
ous for drinking. Fully 50 per cent., therefore, were con- 
sidered of a suspicious character. Three samples were 
found to contain lead, and had been known to have produeed 
lead poisoning. We can only repeat the advice given in 
former years, in cautioning all who are obliged to depend 
upon wells and springs for their water supply to take every 
precaution to prevent any drainage from entering, and to 
keep the grounds about the well or spring free from all 
objectionable matter. Lead pipes should never be used to 
draw water through, especially if the water is free from min- 
eral matter (soft). 

Milk. —The most of the milk received at the ree has 
been sent by farmers who ship their milk to Boston con- 
tractors. They had probably been notified by the contract- 
ors that their milk was below the Massachusetts standard, * 
and they wished to ascertain its exact quality, and what, if 
anything, could be done for its improvement. The larger 
part of this milk was found to contain 12 to 12.5 per cent. 
of solids and from 3.25 to 3.50 per cent. of fat, and was in 
all probability the unadulterated product of the cow. The 
contractor, however, because of the large amount of milk 


* The Massachusetts standard calls for 13 per cent. solids and 3.70 per cent. fat, 
excepting during April, May, June, July and August, when but 12 per cent. solids 
and 3 per cent. fat are required. 
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offered, can afford to be particular, and desires only that up 
to, or above the legal standard. In such cases there is 
nothing for the farmer to do but to add some grade Jersey 
or Guernsey cows to his herd. It certainly would be a long 
step forward, if milk were sold not simply as milk, but with 
a guarantee of composition. Milk containing 11.5 per cent. 
solids and 3 per cent. of fat should surely bring less per 
quart than milk containing 12, 13 or 14 per cent. ie and 
3.25, 4 or 5 per cent. fat. 

Cattle Feeds. — At its session of 1897, the State Legis- — 
lature passed a law authorizing the inspection of feed stuffs. 
The work is being carried out by this department, and it is 
hoped that it will result in keeping out poor and adulterated 
material, and in keeping the regular articles of as constant a 
composition as possible. Considerable adulterated cotton- 
seed meal was found on the market during the early spring 
months. This material consisted of a mixture of hulls and 
meal, the former ground very fine in order to conceal its 
identity. The adulterated product contained from 22 to 30 
per cent. of protein, while a prime meal should show from 
40 to 45 per cent. Farmers were warned through the agri- 
cultural and daily papers of the presence of the adulterated 
article, and cautioned against its purchase. The result of 
this has been to produce a feeling of uncertainty and to re- 
strict the use of the genuine article. To overcome this, the 
American Cotton Oil Company have placed a guarantee of 
composition upon every bag put out by them. It is hoped 
other manufacturers will follow this example. /armers 
should by all means give the preference to the guaranteed 
artacle. 

Other new feed stuffs are those put out by the H. O. Com- 
pany, under the name of dairy, horse and poultry feeds. 
The feeding values of these feeds are being investigated. 
Varieties of oat feeds, being mixtures of oat hulls with more 
or less corn meal, are found in the market without name or 
guarantee. Farmers are cautioned against their purchase, 
for the reason that the price asked is, as a rule, considerably 
in excess of their feeding value. 

Methods for the Determination of Starch.—The work 
undertaken for the Association of Official Chemists, already 
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alluded to, has been reported to them. While more work 
will be done along this line, it has been quite clearly demon- 
strated that the so-called Maercker and Reinke methods for 
the estimation of starch in agricultural products are faulty, 
and will give altogether too high results. The only method 
from which reasonably accurate results may be expected is 
the diastase or malt method,* and this method has been 
adopted by the official chemists in place of all others. 


Plan TEL. 


EXPERIMENTS WITH PIas. 


Two experiments have been completed with pigs, and a 
third is now near completion. These experiments were 
designed to study the value of corn meal as compared with 
hominy and cerealine feeds for pork production, when fed in 
combination with skim-milk. Both these feeds are quite 
similar in composition. They consist of the hull, germ and 
more or less bran and starch removed from white corn, dur- 
ing the preparation of cracked hominy and cerealine flakes 
for human consumption. Cerealine is much more bulky 
than the hominy feed. These experiments will be published 
in detail later. It can be said, however, that pigs have made 
nearly, and in some cases fully, as good growth on these 
feeds as on an equal amount of corn meal. 


SaLtt Marsu Hay. 


A thorough investigation has been completed concerning 
the general character and feeding value of salt marsh hay. 
The results are being published in bulletin form. The prac- 
tical conclusions, briefly stated, are as follows :— 

The several varieties of salt hay have, ton for ton, from 10 
to 17 per cent. less feeding value than average English hay. 
When 10 to 12 pounds of salt hay were fed daily, together 
with 7 or 8 pounds of grain and a bushel of ensilage, the 
ration produced within 2 to 5 per cent. as much milk and 


* Sachsse’s method can be used for estimating starch in commercial starch and in 
potatoes. 
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butter as an equal amount of English hay similarly com- 
bined. 

Because of the less market value of salt as compared with 
English hay, rations containing the salt hay, as given above, 
produced milk and butter from 10 to 20 per cent. less than 
did rations containing English hay. No objectionable flavor 
was noticed when the salt hay was fed directly after milking. 

It is undoubtedly wise for farmers living near the salt 
marshes to feed salt hay and sell English hay. For the re- 
sults in detail, and a fuller discussion, see the bulletin. _ 


DIGESTION EXPERIMENTS. 


During the past year we have studied the amount of actual 
nutriment in salt hays, to which reference has already been 
made, in a number of new by-products and in green crops 
for soiling. Many of our results, together with practical 
conclusions therefrom, will soon be ready for publication. 
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COTTON-SEED FEED AS A HAY SUBSTITUTE 
FOR MILCH COWS. 


J. B. LINDSEY, E. B. HOLLAND AND B. K. JONES. 


Tort EXPERIMENT CONCISELY DESCRIBED. 


What Cotton-seed Feed is. — The seeds of the cotton plant 
are irregular, egg-shaped in form, and almost hidden by a 
tuft of white fibre which covers their surface. The meat of 
the seed is covered with a thick, tough hull of a black color. 
Machines have been invented to remove this hull, and the 
meat is subjected to warm pressure for the purpose of re- 
moving as much as possible of the oil. The pressed meat or 
cake is ground, and results in the decorticated, bright yellow 
cotton-seed meal of commerce. The black hull, covered with 
the white fibre, was formerly almost entirely used as fuel, 
and the ashes were sold for fertilizing purposes. Of late 
many southern farmers, at the recommendation of experi- 
ment stations in the south, have been mixing these hulls with 
the cotton-seed meal and feeding them to beef and dairy cat- 
tle, with very good success. Within the last few years this 
material, under the name of cotton-seed feed, has been offered 
in our Massachusetts markets. The manufacturers claim 
_that the feed consists of 1,600 pounds of hull and 400 
pounds of meal, thoroughly mixed by machinery. The price 
charged has been $13 per ton in car lots, delivered in Mas- 
sachusetts, which would be equivalent to at least $15 in sin- 
gle tons. The feed, shipped in bags, is quite bulky, and, 
because of the white fibre covering the hull, looks somewhat 
like wool waste. Its color is light yellow, due to the ad- 
mixture of the cotton-seed meal. 


THe EXPERIMENTS BRIEFLY STATED. 


The experiment station has conducted four experiments 
with this feed, two with milch cows and two with sheep. 
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The feed for the first experiment was furnished by the man- 
ufacturers. In the second experiment we procured the sep- 
arate ingredients, and mixed the feed ourselves. Each of 
the two milk experiments was made with six cows. In the 
first experiment the feed consisted of a constant grain and 
ensilage ration, together with a good quality of first-cut hay 
and cotton-seed feed; in the second experiment there was a 
constant grain and mangel ration, in addition to the hay 
and cotton-seed feed. The cotton-seed feed was looked upon 
as being similar in character to hay, and, in attempting to 
get at its value, from 12 to 15 pounds were substituted 
daily for a like quantity of hay. The first experiment lasted 
twenty-one days and the second twenty-eight days. In case 
of digestion experiments, in which six single tests were made, 
some of the sheep received nothing but the cotton-seed feed, 
and others received half hay and half of the feed. While 
the cotton-seed feed has not an attractive appearance, the 
animals in all cases ate their daily rations with no apparent 
objections. | 


THE RESULTS. 


I. The total average gain of the six cows in live weight 
during the cotton-seed period was 95 pounds, and during the 
hay period 166 pounds. 

II. The production of milk, milk solids and butter fat 
was so nearly alike in the average of both experiments as to 
be within the limits of experimental error. 

III. The cost of producing milk and butter with the hay 
and with the cotton-seed ration varied but very little. 

IV. A ton of cotton-seed feed contained about 964 
pounds of digestible matter, and a ton of the hay about 
1,007 pounds of digestible material. 3 

V. A full description of the experiments, together with 
all data bearing on the results, will be found further on. 


Is CoTron-SEED FEED ECONOMICAL FOR MASSACHUSETTS 
FARMERS ? 


There would unquestionably be no advantage for the aver- 
age farmer to feed this material in place of hay, unless he 
could sell his hay for a sufficient advance over the cost of 


1898. | PUBLIC DOCUMENT — No. 31. 243 


the feed to warrant the change. Milkmen in the vicinity 
of large cities, and others who are obliged to purchase their 
coarse feed, might find it to their advantage to use some of 
this material, especially if it could be bought for less than a 
good quality of hay. It is possible that animals would tire 
of this feed sooner than of hay. The cows used by the sta- 
tion consumed it continuously for over a month with no 
seeming objections. The cotton-seed feed must be looked 
upon from a feeding stand-point in the light of a hay substi- 
tute, and not as a grain feed, and only 8 to 10 pounds should 
be fed each animal daily, in place of a like amount of hay or 
other coarse fodder. Southern rather than northern farmers 
can utilize cotton-seed feed to the best advantage. 


THE EXPERIMENTS IN DETAIL. 


In 1889 Stone * records the fact that increasing quantities 
of cotton-seed hulls and various mixtures of hulls and cotton- 
seed meal were being fed by the farmers of the south for 
beef and milk production. Since 1889 a great variety of 
digestion and beef-producing experiments have been made 
by the North Carolina station,+ which have been productive 
of a large amount of information relative to the physiological 
and economic value of cotton-seed feed. The Texas experi- 
ment station { has made experiments with milch cows to 
study the economic value of this feed in a variety of fodder 
rations. | 

In 1894 Armsby § published the results of two experi- 
ments with cotton-seed feed. In the first experiment the 
cows, five in number, were fed as follows: Ration I. con- 
sisted daily of 7.95 pounds of wheat bran and 11.69 pounds 
of cotton-seed feed; while Ration II. contained 3 pounds of 
cotton-seed meal, 7 pounds of corn meal, 6 pounds of corn 
fodder and 3.27 pounds of hay. Practically, the corn meal 
and cotton-seed meal of the second ration were matched 
against the bran, and cotton-seed meal contained in the 
cotton-seed feed of the first ration, leaving the corn fodder 


* Tennessee Experiment Station, Vol. II., No. 3, 1889. 

+ Bulletins 80c, 81, 87d, 93, 97, 106, 109, 118. 

{ Bulletin 33, 1894. 

§ Report Pennsylvania Experiment Station, page 44, 1894. 


244 HATCH EXPERIMENT STATION.  [Jan. 


and hay to be compared with about the same quantity of 
cotton hulls. The results, as would naturally be expected, 
were in favor of Ration II. This latter ration contained 
also 4 pounds more of digestible matter. In the second 
trial, six cows were each given daily 6 pounds of Buffalo 
gluten feed and 2 pounds of wheat bran. Ration I. con- 
tained in addition 10.6 pounds of cotton-seed feed, and 
Ration II. 4 pounds of corn meal and 9.7 pounds of clover 
hay. It is not possible to regard this as a fair comparison, 
for any one can see at a glance that 4 pounds of corn meal 
and 9.7 pounds of clover hay (13.7 pounds) must give 
better results than 10.6 pounds of cotton-seed feed. At 
least a fairer comparison would have been to have matched 
the cotton-seed feed against a like quantity of clover hay. 
Simply because cotton-seed feed consists of a mixture of 
cotton-seed hulls with cotton-seed meal, it is not at all 
necessary when making a comparison to put the like amount 
of cotton-seed meal or other grain into the opposite ration. 
By so doing, one simply compares cotton-seed hulls with 
some other fodder or fodder combination. The hulls them- 
selves have an inferior nutritive value; experiments. have 
demonstrated that their nutritive effect is increased by the 
addition of the cotton-seed meal. In order, therefore, to 
get at the feeding value of this material, it must be regarded 
as a single feed stuff, and ought to be compared with other 
coarse fodders of similar composition. It has been the aim 
of the experimenter, in the two experiments that follow, to 
make such a comparison. 


A. COMPOSITION OF COTTON-SEED FEED. 


The first lot of feed, supplied through the kindness of 
Mr. H. C. Haskell of the Southern Cotton Oil Company of 
Savannah, Ga., was said to have been mixed in the propor- 
tion of 1,600 pounds of bulls to 400 pounds of meal. The 
lot for the second experiment we prepared ourselves, in the 
same proportion. The two lots varied very little in moist- 
ure, but, for the sake of more exact comparison, the results 
are presented in dry matter. | 
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COMPOSITION OF Two SAm- 


Theoretical PLES OF HAY FED IN THE 
No.1 No. 2 Prati Cone Two EXPERIMENTS (PER 
: ‘ CENT.). 
(Per Cent.).| (Per Cent.).| tent of No. 2 
(Per Cent.). I UL. 
Ash, . : ; Sas Vial Naas PREY - 5.94 5.78 
Protein, : ‘ 13.02 11298 13.85 11.07 8.41 
Fibre, . ; - 39.67 40.69 ~ 32.00 33.98 
Extract matter, . 39.59 40.13 - 47.92 49.15 
Pat... ; ‘ 3.90 3.69 - 3.07 2.68 


Both Nos. 1 and 2 run rather below the theoretical per- 
centage of protein. This is not surprising, from the fact 
that it is extremely difficult to get a strictly average sample 
of this feed. It is impossible to grind the hulls fine, and in 
spite of all one can do, more or less of the meal will fall 
through the hulls and not be included in the sample. It 
will be noted that the cotton-seed feed and the hay resemble 
each other in chemical composition, excepting that the cot- 
ton-seed feed contains somewhat more fibre and less extract 
matter. 


B. DIGESTIBILITY OF COTTON-SEED FEED. 


Recognizing the vaiuable information secured by digestion 
tests, six single trials with sheep were made of the two sam- 
ples of feed. The sheep were grade Southdown mature weth- 
ers. In four cases the cotton-seed feed was fed alone, and in 
the remaining two the daily ration consisted of one-half hay 
and one-half cotton-seed feed. In both cases the results 
agree quite closely, except in case of the fat, which showed 
a digestibility of 98 per cent. when the cotton-seed feed was 
fed in connection with hay. ‘This high result it was thought 
best to exclude from the average. The cotton-seed feed ap- 
peared to agree better with the sheep when fed in connection 
with hay than when fed by itself. In the latter case, at the 
close of the period the sheep began to show signs of diges- 
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tion disturbances, which would certainly have become quite 
pronounced had the feeding been continued much longer. 
The digestibility of the two different samples of cotton-seed 
feed was practically the same. The North Carolina station 
has made a very extended study of the digestibility of hulls 
and meal fed in different proportions. -The Pennsylvania 
station has also made three single determinations. These 
results, in addition to our own, are tabulated below : — 


Digestion Coefficients. 


| 


‘fea | 3] S\ 
a2 | Be os | oS Lo ee 
a“ |se [se] 2] Blaz| & 
So | BR sO | 0 | Ouleramamed 
& | $22)/35)85| 5/82] 8 
a | gos | 2 | Sa | on ea) Ss 
2. | sAS) eS eee ee 
Ay A a A = cy 
Massachusetts station, . c S - -| 4-1 6 56 41 56 59 92 
North Carolina station,. . . . «| 6-1 2 46| 46| 40| 50] 82 
North Carolina station, . 5 f -| 4-1 2 54 54 45 58 85 
North Carolina station,. . . . } re 9 54 64 | 47 54 85 
Pennsylvania station, . : 0 -| 5-1 3 43 36 31 54 84 


Hay of mixed grasses with ten per cent. - 
protein for comparison. 


{ 
or 
co 
or 
oo) 
a 
(=) 
on 
© 
> 
[o.c} 


The experiments made by the North Carolina station 
(4-1) and by the Pennsylvania station were carried out 
with steers. The only difference between the results ob- 
tained by the Massachusetts station and those recorded by 
the North Carolina station (4-1) consists in the higher per- 
centage of protein and the lower percentage of fibre digested 
_ by the steers in the North Carolina experiments. The co- 
efficients for fat digestibility also show some variation, but, 
the fat percentage being comparatively small, the difference 
is not of so much account. The coefficients obtained by 
Armsby are lower than would be expected. The coefficients 
of digestibility for an extra quality of hay are not very 
noticeably higher — excepting the protein then those for 
the cotton-seed feed. 

According to the average coefficients of digestibility, a 
ton of the hay and a ton of the cotton-seed feed fed in the 


1898. | PUBLIC DOCUMENT —No. 31. 247 


milk experiments would contain the following amounts of 
digestible organic nutrients : — 


One ton hay, : , : , ‘ ; : mes so 
One ton cotton-seed feed, . ' ; : ; z 964.4 


One would therefore suppose that a ton of cotton-seed feed 
would have nearly the same feeding value as a like quantity 
of hay. There might be one exception to the above state- 
ment, in that it is possible that rather more energy would 
be required to digest the cotton-seed feed than the hay. 


C. Mitk EXPERIMENTS WITH COTTON-SEED FEED. 


Haperiment I. 


This experiment was conducted during April and May, 
1896. The animals, six in number, were evenly divided 
into two lots. In order to counteract the natural milk 
shrinkage, three of the animals in the first half of the exper- 
iment were fed the cotton-seed feed ration, while the other 
three were having the hay ration. In the second half this 
order was reversed. Each half of the experiment lasted 
twenty-one days, and from seven to ten days were allowed 
between the halves. 


History of the Cows. 


tone va 

NAME. Breed. et | ore See ae Resinning of 
| Calf. (Pounds). 

Ada, . . | Grade Ayrshire, cr Oct 5. i 106 19 
Red Spot, . | Grade Durham,. 6 | Sept. - 90 21 
Bessie, . | Grade Ayrshire, 7 | Sept. 10 69 25 
Beauty, . | Grade Jersey, 5 | Sept. 15 96 20 
Red, . . | Grade Durham, : a Oct. 8 141 20 
Spot, . . | Grade Durham,. 4 Oct. 4:8 141 20 


Five of the above cows had been in two previous experi- 
ments since October, 1895. 
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Dates of the Experiment. 


Cotton-seed Ration. Hay Ration. 
April 8 through April 28, _ .. : . | Cows 3, 4, 5 Cows 1, 2, 6 
May 11 through May 31, , ; .| Cows 1,2,6 | Cows 3, 4, 5 
Rations consumed Daily (Pounds). 
q Peoria : Millet and 
: Name. Hay. pkey eae Gluten as Soy Bean 
oa Feed. Ensilage. 
{ Ada, : : — 10 2 3 i 15 
=) Red Spot, 0). = 13 3 2 2 20 
a 
S| | Bessie, . . - 15 3 2 2 , 20 
o 
i biel ysnccuy weet re 15 3 Dif eae 20 
(e) 
Saeed Se 15 3 2 2 20 
| Spot, ; . ~ 13 3 2 2 20 
( Ada, : ly - 2 3 1 15 
| 
Red Spot, Pm i 3 - 3 2 2 20 
-| | Bessie, A Le - 3 2 2 20 
a 
!| Beauty, . . | 15 - 8 2 2 20 
Red, Pag nae 7 - 3 2, 2 20 
| 
| Spot, : . | 18 -~ 3 2 2 20 
Average cotton-| - 13.5 | 2.83 | 2.17 1.83 19.47, 
seed feed. 
Average hay, . . | 13.47 - 2.83 | 2.17 1.83 19.17 


Although but three of the six cows received the same 
ration at the same time, each animal received during the ex- 
periment the two different rations for exactly the same length 
of time. It will be observed that the only difference be- 
tween the rations consists in the substitution of the cotton- 
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seed feed for the hay, and vice versa. The entire rations 
were eaten clean, excepting a small amount of hay refused 
by Red, which was preserved, analyzed and deducted from 
the total fed. The feeds were weighed out daily and given 
in two portions. Water was before the animals constantly. 
The cows were carded daily, and allowed the run of a yard 
in pleasant weather. 


Digestible Nutrients in Daily Rations (Pounds). 


E sal Total Dry ‘orders ames |e 
af ie bpeatatadls ares i} «at. | Total. ve 
( Ada, 17 -36..|| 1.07 $.30. 3.00. | 10.74 | 12 bo68 
3 | Rea Spot, Ore een Sete). 1Or1e | «282 A814!) £:5.45 
- Bessie, 23.42 2.31 TOS82.) =286. |. 19.99) |) 1: 5361 
t Beauty, . 29.42 || 2.317} 10.82) .86| 15.99 ||. 1:5.61 
is Saas Dacen in ok 10.82). .86 | 13.99 156 
| Spot, PieOe | Sate tO. I 82>) 1S.Ab 1 Ls 5245 
Pada, . Pale Fhe oO.) L292 Bf4e|. 90 +) 21.16 | F25-.20 
| Rea Spot, ON agate I 10704 29 | 13.71 |) 13 8285 
epi | Bessie, 23.90 || 2.57 | 11.05 | .64| 14.26 |) 1:4.92 
fs Pacey. gaeeo2 Oe | 1b.05 | -.64 |) 14.26 | 1242792 
Red, Zot 2-00 | 10.727|"" 63 | 13.88 4) T: 4.86 
| Spot, AL Ob e242"). 10: 70 D9 | -FS.71 | 135.03 
Average cotton- 21.89 | 2.19). d0).16 $21, DSN) | shsecob 
seed feed. | 
Average hay, ; Pt OOs i aaa 10.49 .60 13.50. Pe 4599 


The coefficients of digestibility for the cotton-seed feed 
and for the hay used in calculating the above digestible 
nutrients were those obtained in our experiments with 
sheep. Average coefficients were used for the grain feeds. 
The above results show but little variation in the digestible 
amounts of the several groups contained in the two rations. 
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Weight of Animals at Beginning and End of Experiment (Pounds). 


. a) 

3 : o. 

a} 3 | 8 , | Be 

M a =| » i} 

| 3/3 | 8 le) sae 

<q p FQ Oo |} & m |e 
Beginning, . -| 771 | 891} 795 | 937 | 1010] 967 

Cotton-seed period, . 10 
nd “ -| 771 | 888 | 792} 928 | 1025 | 977 
Beginning, . -| 775 | 892 | 861 | 1000 | 1070 | 965 

Hay period, . } bo 
Hnd,) ic . -| 775 | 902 | 855 | 1012 | 1082 | 977 


Two weights were taken of each animal at the beginning 
and two at the end of the experiment. No marked varia- 
tions were noted due to the influence of either ration. 


Yield of Milk and Butter. 


cM. [pa Mow. | 4) Be ee 

ci ea¢ |8=2|f=3| 2 2 | 2 2 | 8 |ees 
Bisa Geer aie le el» 4| ee | eae | eens 
a sot Bot Boe ead pat st get 
_| (Ada, . 395.48 | 18.83| 8.76| 54.60 19.53 | 22.78 | 1.08 
3 | Rea Spot, . . | 439.12 | 20.91| 9.72] 62.58 | 22.89 | 26.70] 1.27 
: Vids, woh and eo) BAR. | eb. Th 196), i se50 26.67 | 31.11] 1.48 
| Beanty, - . «| 444.00 | 21.14] 9.83] 66.99 | 24.99 | 29.15] 1.39 
S\|Red,. . . «| 416.62 | 19.82| 9.22) 58.38 | 21.005) 24°50)| 0 ieae 
- ee . « «| 887.25 16.06 | ~ 7.47 | 60:82. |. 18.27 1) Giana meen 
Ada,.. << 9s 4), 402.71). 19-1871. 8.92°|, 54060 18.60 | 21.70| 1.03 
les Spot, . .| 458.75 | 21.84] 10.16| 64.05 | 21.29 | 24.84] 1.11 

a | Bessie, SS a) 626586") 25.09 | der | 70ts5 23.81 | 27.78 | 1.82 
re Beauty, . . . | 399.89 | 19.04] 8.86] 58.17 | 20.85 | 28.74] 1.13 
Red, 2) bey vo Qtbs60" 0S. 12 hee soe43 |) Be 12.84 | 14.98 om 
(Spot,. «  .  .» | 419.50 |) 19.98 | 9.20 | 61.53 | 22-01 |) ep eOn eae 
Total cotton-seed feed, . |2,574.58 | 122.47] 56.96] 366.87 | 133.88 | 155.55| 7.40 


Total hay, . ° - 2,483.21 118.25 | 55.33 | 316.92 119.00 | 138.84 6.60 


Percentage increase cot- 3.6+ - - 5.444) 10.76+ - - 
ton-seed feed over hay. 


The cotton-seed feed ration gave a slightly larger amount 
of milk than the hay ration. A 5.4 percentage increase in 
the amount of total solids is also noted, while fully ten per 
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cent. more butter fat was produced by the cotton-seed ration. 
This latter result could hardly have been expected. Should 
cotton-seed feed exert a favorable influence in increasing 
the relative amount of butter fat in the milk, other experi- 
ments would show similar results, which we shall presently 
show has not been the case. A part of the decrease in the 
amount of milk, solids and fat produced by the hay ration 
can be accounted for in the sudden shrinkage of Cow V. 
(Red) in the second (hay) period. This cow was a grade 
Durham, and at the beginning of her second period was 
about 105 days from calving time. She began then to dry 
off rapidly, showing a shrinkage of 34 per cent. in yield of 
milk from that produced in the previous period, while other 
animals shrank only from 5, to in one case 20 per cent. 
Had Red shrank only 20 per cent., the total decrease in 
milk yield in the hay period would have been but a trifle 
over 1 per cent. The results of this experiment make rather 
more of a favorable showing for the cotton-seed feed than 
one would naturally expect, judging from its composition 
and digestibility. Before, therefore, drawing positive con- 
clusions, the reader is referred to the results of a second 
experiment, described further on. 


Dry and Digestible Matter required to produce Milk and Butter 


(Per Cent.). 
Dry MATTER REQUIRED vous Hay | Digestible Matter re- pen Hay 
To PRopUCE — Period. | Period. | quired to produce— | periog, | Period. 
100 pounds milk, . . 107.10 111.56 | 100 pounds milk, : 64.40 68.49 
1 pound milk solids, . 7.52 7.98 | 1 pound milk solids, . 4.52 4.90 
1 pound milk fat, . ° 20.69 23.27 | 1 pound milk fat, 12.44 14.28 
lpound butter, . : 17.75 19.99 | 1 pound butter, . : 10.68 12.27 
Market Cost of Feed Stuffs. 
- 

Wheat bran, . : , : : : $15 00 per ton. 

Peoria gluten feed, ; : , : 15 00 as 

Linseed meal, ; : ; ‘ P 20 00 vr 

Millet and soya bean ensilage,_ . : 3 50 si 

Hay, : : : : ‘ : 15 00 4 


Cotton-seed feed, . , ; : 15 00 “ 
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With the above figures as a basis, we obtain the following 
figures for the cost of feed required to produce milk and 
butter : — 


Bessie, 90.50 | 81.70 | 1.76 18.14] 15.53 


eauty, 2 if 2 é . E 
B y 20.50 | 107.60 Zou 21.13 18.14 


Hay period. 


Red, 19907 ie dol 70 3208 32.62 | 28.03 


| Spot, 19.00 | 95.00 | 2.05 18.09 | 15.45 


~ Daily Feed 100 Pounds| Quart of Pound Pound 
COWS. Milk Milk Butter Fat Butter 
(Cents). 
(Cents). (Cents). (Cents). (Cents). 
|fAda. 6... | 14:87 | 79.00) 1.69 | hese 
lo} i 
2 | pea Spot, 19.00 | 90.90| 1.95 | 17.43 | 15.00 
co) Pies 
| | Bessie, 20.50 | 79.70| 1.71 | 16.14] 18.85 
o 
Beauty, 20.50 | 97.00 | 2.08 | 17.23] 14.08 
io) 
8] | Red, 20.50 | 103.40 | 2.22 | 20.50] 17.52 
©} 
| ( Spot, 19.00 | 118.20] 2.54 | 21.84] 18.81 
Ada, ~.  ... | 44.871 77.50 | 1.67 9 467 eee 
Red Spot, 19.00 | 87.00 | 1.87 | 18.81 | 16.10 


Average cotton-seed 19.06 | 94.70; 2.03 18.19 | 15.49 
feed period. 
Average hay period, . 18.96 | 100.10 | 2.12 20-92 Alvar 


The two rations costing the same, the cost of producing 
milk and butter was rather favorable to the cotton-seed feed 
ration. 


Haperiment IT. (1896). 


In view of the results obtained in the first experiment, it 
was thought advisable to conduct a second under practically 
the same conditions. The six cows were all approximately 
fresh in milk. The experiment was carried out in exactly 
the same way as the preceding one. 
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History of Cows. 


NAME. Breed. ie aa Last Calf Dropped. 
Mary, ; : . | Grade Jersey, . 9 July 1. 
Jennie, . : . | Grade Guernsey, 6 September. 
Nora, : . Grade Jersey, .. : 10 August 23. 
Beauty, . . . | Grade Jersey, . 6 September 15. 
Red,.. : . | Grade Durham, . , 8 August 20. 
Spot, . : : . | Grade Durham, . ; 8 August 17. 


The cows were farrow at the beginning of the experiment, 
and all were served during the progress of the trial. 


Dates of the Experiment. 


Cotton-seed Period. Hay Period. 
October 6 through November 3, . cuir eows 1/2975.1), Cows:s;/4,'6:; 
November 17 through December 15, . | Cows 3, 4,6. | Cows 1, 2, 5. 


Rations eaten Per Day (Pounds). 


C Wheat Chicago 
NAME. Hay. See nad colds: e Gluten 
seed Feed. Bran. 
Meal. 
OC D ‘Eee as bs 5 3 
co, 
= Piéunia, ; : 3 12 15 9) 3 
o 
a ike, ae ait 8 15 5 3 
3 
Z Beauty, . ; ‘ 5 15 15 o 3 
iS) 
S| | Red, a peat 3 15 15 5 3 
(@) 
| Spot, ; ‘ ’ 3 14.46 15 5 3 
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ations eaten Per Day (Pounds) — Concluded. 


Chicago 
NAME. Hay. ae Mangolds. Poe. Gluten 
see eed, ran. Meal. 
(Mary, . ed. 17 ~ 15 5 3 
: | Jennie, . : 15 - 15 5) 3 
<I 
a>) | Nora, 7%. f : 15 - 15 9) 3 
o 
4! 4 | 
b | Beauty, . : : 20 ~ 15 9) 3 
@ [Rey . | 18 eas 5 3 
(SSpet ees eos eae 18 = 15 5 3 
Average _ cotton-seed 2.68 14.41 15 5 3 
feed period. 
Average hay period, . | 17.17 - 15 5 3 


It was not considered advisable to feed more than from 12 
to 15 pounds of the cotton-seed feed daily, and the addi- 
tional quantity of coarse fodder was secured by adding from 
2 to 5 pounds of hay, to suit the appetites of the various 
animals. We have, then, 12 to 15 pounds of cotton-seed 
feed, compared with a like amount of hay. The cotton-seed 
feed was mixed daily in the proportion of 4 pounds of hulls 
to 1 pound of meal. The hay was a mixture of grasses, with 
Timothy predominating. Some clover was scattered through 


the mixture. 
Digestible Matter in Rations (Per Cent.). 


DIGESTIBLE. 
See “ater, |. eames | 
Protein.| drates. | Fat. | Total. 
| (Mary, 3 : »' | 28.20.1) 2.454 10.58 | 83° | 13.867) aise 
E aes 2 Sele 2 eA eo 9.78 | .76 | 12.91 || 1:4.85 
= Nora, . ‘ » | 21.44) 2.37 |: 9:76.) 281 ) 12.04) eae 
: Beauty,. A » | 20083 ih 2.57] 182.) .87 15. 26 ||) Peeen 
= Red, . 4 » | 24.07. || 2.49) 10.99 | .85 | 14.33 || Te oeee 
= | Spot, . é . | 28.61 || 2.47 | 10.77 | .83 | 14.07 || 1:5.08 
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Digestible Matter in Rations (Per Cent.) — Concluded. 
DIGESTIBLE. a 
Total Dry Nutritive 
NAME. 
Mantels) ll Protein. esas Fat. | Total. se 
oat 23.17 || 2.41 | 10.67 | .56 | 13.64 11: 4.95 
_| | Jennie, 21.42 || 2.33 | 9.85 | .54 | 12.72 ||}1:4.77 
a 
£| | Nora, 21.42 || 2.33} 9.85 | .4 | 12.72 | 1:4.77 
ay) 4 
b | Beauty, 25.78 || 2.53 | 11.91 | .60 | 15.04 || 1: 4.30 
ee | Red, 24.08 || 2.45 | 11.08 | .58 | 14.11 |}1:5.00 
| Spot, 24.08 || 2.45 | 11.08 | .58 | 14.11 || 1:5.00 
Average cotton-seed | 23.26 || 2.45 | 10.62 | .82 | 13.64 ||1:5.14 
feed period. 
Average hay period, 23.32 || 2.42 | 10.74 | .57 | 13.72 || 1: 5.00 


The amounts and proportions of digestible matter in each 
of the two rations are identical. In calculating the above 
rations, average digestion coefficients were taken for the 
grains, the coefficients obtained at this station for the cotton- 
seed feed, and in case of the hay, the coefficients obtained 
by us for hay of similar appearance and composition. It 
must be remembered that the above digestible material in 
the two rations is only estimated. It is therefore quite pos- 
sible that, had actual digestion experiments been made with 
the cows, these figures may have been somewhat modified. 


Weight of Animals at Beginning and End of Experiment (Pounds). 


eam Genes a= 3 
pi El etal al zie 
P| % Zi eal «| ole 
Beginning,. .| 768| 818] 745] 948 |1,006/1,007| - 
Cotton-seed period, 
End, . 767 | 840 767 | 954 | 1,042 | 1,002 85 
Beginning, . : 829 | 897 | 757 | 946 /|1,096| 954 ~ 
Hay period, . 
End, . 825 888 780 | 973 | 1,115) 1,024) 126 


The cows were weighed at the same time for three con- 
secutive days at the beginning and end of the experiment. 
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Four of the six cows were rather thin in flesh at the begin- 
ning of the test, and made gains on both rations. The hay 
period showed a herd increase of 41 pounds over the cotton- 
seed period. 


Milk and Butter Yields (Pounds). 


cotton-seed period. 


E ee a | 2 | 20] #3 | 3 | 38 | ga 
: S| ) 6 8" |e 
< Mary, . : - : - | 596.88 | 21.32 9.92 | 83.38 | 28.29 | 33.00} 1.18 
= pee : : : - | 609.97 | 21.78 |} 10.13 | 88.81 | 30.50 | 35.59 | 1.27 
iy | swora, A is ci ; - | 519.12 | 18.54 8.62 | 69.81 | 28.62 | 27.56 98 
: Beauty, . ° : - | 587.68 | 20.99 9.76 | 84.75 | 30.97 | 36.13 | 1.29 
2 pace Seat ed -  « | 549.94 | 19.64 9.13 | 67.63 | 21.28 | 24.82 88 
= USpOt sew cise eras . | 428.77 | 15.31 7.12 | 62.23 | 22.42 | 26.16 93 
Mary, . AoW - « | 575.64 | 20.55 9.57 | 79.83 | 27.84] 31.90] 1.14 
2 freee = ae - « | 527.12} 18.82 8.75 | 80.49 | 30.46 | 35.54) 1.27 
3 Nora, . : - - | 613.384 | 21.89 | 10.17 | 80.77 | 24.78 | 28.91 | 1.08 
= | Beauty, . - ai tae 685.67 | 24.47 | 11.388] 97.85 | 33.60 | 39.20) 1.40 
a Red, . 5 : 5 - | 557.00 | 19.89 9.25 | 69.62 | 22.72] 26.51 -95 
(Spot, . tie sade A - | 491.17 | 17.56 8.17 | 70.83 | 28.23 | 27.10 97 
Average cotton-seed feed | 548.7 19.59 9.10] 76.10 | 26.18 | 30.54] 1.09 
Average hay ration,. . . | 574.99 | 20.53 9.55 | 79.90 | 27.02 | 31.53] 1.18 
Percentage increase hay over 4.6+ 4.8+) 3.1-+ - | - 


7 


In this experiment, the results are the reverse of those ob- 
tained in the first test, the hay period yielding several per 
cent. more milk, milk solids and fat. Our observations of 
the animals from day to day during the trial indicated that 
the cotton-seed feed ration was falling slightly behind the 
hay ration. The animals, being in the early part of the 
lactation period, would naturally be more sensitive to the 
effect of food than in the latter portion of the period of 
lactation. 
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Dry and Digestible Matter required to produce Milk and Butter 
(Per Cent.). 


Dry Matrer REQuIRED | COtton- | Hay Digestible Matter re- | Cotton- | pay 
TO PRODUCE — seed Period. quired to produce — seed Period. 
Period. Period. 
100 pounds milk, . 118.70 113.60 100 pounds milk, 70.90 66.90 
1 pound milk solids, . 8.56 8.18 1 pound milk solids, . §.11 4.81 
1 pound milk fat, . 7 24.88 24.17 1 pound milk fat, Z 14.86 14.22 


1 pound butter, . 5 21.38 20.70 1 pound butter, . . 12.77 12.18 


Market Cost of Feed Stuffs. 


Wheat bran, . : : : ; . $14 00 per ton. 
Chicago gluten meal, _.. : ‘ 18 00." 
Mangolds, : ‘ , a : . 3 00 as 
Hay, . . : ; : : ‘ é 15 00 “ 
Cotton-seed feed, . E ; : ; 15 00 = 


Cost of Feed to produce Milk and Butter. Average for Six 
Cows (Cents). 


- 100 Pound 
Daily Quart Pound 
Feed Pounds Milk. Butter Butter. 
ilk, Fat. 
Cotton-seed period, : - ° - 21.32 110.6 | 2.38 23.40 20.10 
co es i 21.32 104.9 | 2.26 22.69 19.33 
Increased percentage cost of cotton- 


seed over hay period. 


- | 5.24 


Ep eranvae 


The cotton-seed rations slightly increased the cost of the 
milk and butter. 


D. AVERAGE RESULTS FROM Two EXPERIMENTS. 


It is thought desirable to bring together the results of 
both experiments, believing that they will give a fair repre- 
sentation of the relative values of like quantities of cotton- 
seed feed and a good quality of hay. 


1. Total Live Weight gained by the Six Cows in Both Evxperi- 
ments (Pounds). 


Cotton-seed feed periods, . : ‘ : ‘ hw ae 
Hay periods, . : : ; A - ; ; . 166 
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2. Average Dry and Digestible Matter Consumed Daily (Pounds). 


Total DIGESTIBLE. 
| Nae 
ine Protein Fat Carbohy- Total Ratio. 
2 : : drates. : 
Cotton-seed period, A 22.57 2.32 -82 10.39 18.40 1: 5.35 
Hay period, . A : 22.65 2.41 59 10.61 13.61 1: 5.00 


These figures show very slight variations. 


3. Total Milk and Butter Yields (Pounds). 


| Milk. Milk Solids.| Milk Fat. | Butter. 


Cotton-seed period, . . : : cs 5867 823.5 290.4 338.8 


Hay period, . . . Ss > Same 5933 826.3 281.1 328.0 
Percentage increase hay over cotton-seed, 1.14 34-4 3.2— 3.2— 


These variations can be regarded as within the limits of 
experimental error. 


4. Average Feed Cost of Milk and Butter (Cents). 


Pound 


Daily 100 

Cost of | Pounds oat Butter bed 

Feed. Milk. ; Fat. z 
Cotton-seed period, 5 Beh sate : 20.19 102.6 2.20 20.79 17.79 
Hay period, . C : : 4 : 20.14 102.5 2.19 21.80 18.63 
Percentage increased cost of hay over + + + 4.638-+ 4.54 


cotton-seed. 


The 4.6 percentage increased cost of butter in the hay 
period is due to the rather unexpected results in the first 
experiment. 


5. Dry and Digestible Matter required to produce Milk and Butter. 
I. Dry Matter (Pounds). 


100 Pound 
: Pound Pound 
Faune es Butter Fat.| Butter. 
Cotton-seed period, . : : c - 112.9 8.04 22.79 19.56 


Hay period, - 5 S 5 5 ‘ 112.6 8.08 23.72 20.37 
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IT. Digestible Matter (Pounds). 


100 Pound 
~Pound Pound 
Pounds Milk 
Milk. Solida, Butter Fat.| Butter. 
Cotton-seed period, . 5 2 SP hae 67.65 4.81 13.65 11.72 
Hay period, 67.69 4.85 14.25 12.22 


GENERAL CONCLUSIONS. 


Cotton-seed feed, from its appearance, is certainly not an 
attractive looking article for consumption. The cotton-seed 
hulls, comprising the bulk of the feed, consists of the dark 
seed coats, together with an entangling mass of fibre. They 
are difficult to masticate, and quite indigestible. The cot- 
ton-seed meal with which the hulls are mixed imparts its 
flavor to the material, and actually increases the digestibility 
of the hulls. In our experiments we have had no trouble in 
inducing animals to eat 12 to 15 pounds daily within three 
or four days. The two experiments have shown cotton-seed 
feed to give as large milk and butter yields, at as low a cost, 
as a good quality of hay. The writer is of the opinion, 
however, that this feed requires more energy for its diges- 
tion than hay, and, when fed for any length of time, would 
have a tendency to induce digestive disturbances. A mix- 
ture of hulls and meal could probably be turned to better 
account for fattening steers than as a continuous feed for 
dairy cows. Massachusetts farmers could derive no benefit 
from feeding this material in place of hay. For those who 
are obliged to purchase all of their coarse feeds, it might be 
desirable to use one-half of this material in place of hay, 
provided it could be purchased for somewhat less money. 
Cotton-seed feed should be consumed where it is produced. 
For the farmers of the south it is undoubtedly a cheap source 
of coarse feed, and, when fed in moderate quantities, will 
unquestionably return good results. 
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ANALYTICAL DATA. 


Dry Matter Determinations (Per Cent.). 


Haxperiment I. 


Millet and | Cotton : Peoria 

Hay. | Soy Bean seed- es tp Gluten 

Ensilage. Feed. i i Feed. 

April 8 through April 28, . 90.33 18.79 89.00 87.89 90.58 93.04 
May 11 through May 31, . 89.84 20.58 88.10 87.86 90.48 93.23 


Haperiment II. 


Cotton- Chicago 
Hay. | Mangolds. seed ae Gluten 
Feed. ‘ Meal. 


Hay * and cotton-seed periods, . C 87.60 8.00 | 87.8 | 87.2 | 90.6 


* The dry matter determinations varied so little in the two halves of this experi- 
ment that the average in each case was taken. 


Composition of Feeds (Per Cent.). 


EHaperiment I. 


Millet and | Cotton- : Peoria 
Hay. | Soy Bean eced ee Tansee Gluten 
eed. ‘i : 


Ensilage. Feed. 
Ash, . : c c ; 5.94 12.77 8.82 6.42 4.94 1.07 
Fibre, . 2 - : 3 32.00 34.02 39.67 11.37 7.26 7.13 
Fat, . tao 2 - 3.07 2.59 3.90 5.73 7.05 7.59 
Protein, : C 0 c 11.07 9.40 13.02 18.68 41.99 23.83 
Extract matter, .- . - 47.92 41.22 39.59 57.80 38.76 60.38 


Experiment IT. 


(ra a a ST ARS I EE TIS ED 


Cotton- Chicago 

W heat 
Hay. | Mangolds. seed Gluten 
y ; Feed. Bran. Meal. 


Ash, : 5 “ . “ 5.78 15.49 3.51 (pel 1.52 
Fibre, . : sr aWbanl iets - | 33.98 10.67 40.69 12.08 3.21 
Hat, eaters : . 5 - 2.68 73 3.69 , 5.69 7.38 
Protein, . 2 . ¢ C - 5 8.41 14.35 11.98 18.12 40.38 


Extract matter, . 5 6 . - | 49.15 58.76 40.13 57.00 47.51 
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Coefficients of Digestibility. 


Experiment I. 


cs | 3 = 5 
Ge oe oe ee ee 
Shoe mt te gee Oe oe ae toe 
2S agucv a o ag P| ro) 
i 7 o< ® 2 Eo $a Bo 
Bite ie. bop eop 8. es) los 
cola a= ed eS a 5 si 
Fibre, . : A . 5 =) 6G 69 59 22 57 78 = - 
Fat, . . . . . . 53 72 89 71 89 79 “4 __ - 
Protein, . - - . : -| 62 57 39 78 89 83 - - 
Extract Matter, . - = -| 64 59 | 58 68 78 90 - - 
Experiment IT. 
Fibre, . A - é : -| 58 - 55 22 - - - 43 
Fat, ee at SC Be = 93 68 - = 93 “ 
Protein, . - : 7 - - |. bf - 42 79 - ~ 89 75 
Extract Matter, . : 2 col - 59 69 - = 93 91 
Composition of Milk (Per Cent.). 
Experiment I, 
ADA. RED Spot. BESSIE. 
Solids | Fat. Solids. | Fat. Solids. | Fat. 
13.84 4.93 14.01 4.84 13.63 4.93 
Cotton-seed period, . ; 
13.82 5.00 14.48 5.59 ~ - 
Average, . = ° | 18.89 | 4.96 14.24 | 5.21 13.63 | 4.93 
13.57 4.62 13.95 4.64 13.26 4.53 
Hay period, A ° : 
- - ~ = 13.47 4.52 
Average, . - ‘ | 13.57 | 4.62 13.95 | 4.64 | 13.36 4.52 
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Experiment I.— Concluded. 


BEAUTY. RED. SPOT. 
Solids. | Fat. Solids. Fat. Solids. Fat. 
15.08 5.62 14.08 5.05 14.88 5.33 
Cotton-seed period, . é 
- - - - 15.28 5.48 
Average, . : 5 | 15.08 5.62 14.08 5.05 15.08 5.40 
14.54 5.13 - 13.91 4.72 14.77 5.27 
Hay period, ° . ; 
J 14.61 5.05 13.87 4.60 - - 
Average, . 5 ° | 14.57 | 5.09 13.89 4.66 14.77 5.27 
Experiment IT. 
Mary. JENNIE. Nora. 
Solids. | Fat. Solids, | Fat. /] Solids. | Fat. 
| { 18.96 4.64 14.36 4.73 13.39 4.48 
| 13.81 4.80 14.58 5.30 13.44 4.58 
Cotton-seed period, . 4 I< 
| 14.20 4.93 14.58 4.92 13.52 4.63 
L. 18.91 | 4.74 14.73 Gs eae ee 5.00 13.45 | 4.50 
Average, . 5 - | 13.97 4.74 14.56 mss | 5.00 5.00 13.45 | 4.55 
| { 13.76 4.73 14.79 5.45 13.00 3.81 
: | 13.86 4.75 15.39 5.88 12.93 4.10 
Hay period, : : 4 
fe 14.01 4.85 15.55 6.00 13.46 4.17 
18.85 4.68 15.37 cat | 58 5.78 13.28 4.07 
Average, . : J | 18.87 4.75 15.27 sat | ae 13.17 4.04 
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Experiment IT. — Concluded. 


BEAUTY. RED. Spor. 

Solids. | Fat. Solids. Fat. Solids. Fat. 

( 14.62 5.35 12.48 3.89 14.57 5.08 

| 13.95 4.85 11.88 3.93 14.77 5.05 
Cotton-seed period, .  . |< 

14.66 5.48 12.60 4,02 14.92 5.15 

| 14.46 5.40 12.23 3.63 13.90 5.63 

Average, . ° : | 14 | 5.27 12.30 3.87 14.54 5.23 

( - - 12.26 4.00 14.01 4.34 

14.12 4.93 12.41 4.05 14.14 4.75 
Hay period, E ° is 

| 14.49 4.97 | 12.74 4.20 14.59 4.94 

L 14.19 4.80 12.53 4.08 14.94 4.91 

Average, . - : | 14.21 | 4.90 12.49 4.08 14.42 4.73 


Average Results of Six Cows. 


EXPERIMENT I. EXPERIMENT II. 

Solids. Fat. Solids. Fat. 
Cotton-seed period, ; : m 5 14.31 5.18 13.87 4.78 
Hay period, . . 5 : 3 : : c 14.02 4.80 13.91 4.71 


Each distinct analysis represents a composite sample from 
8 different milkings. In Experiment I., samples were taken 
for four days of the last two weeks only. In Experiment 
II., each analysis represents the comparison of the milk for 
each of the four weeks. 
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REPORT OF THE ENTOMOLOGIST. 
CHARLES H. FERNALD. 


Two bulletins have been issued from this department dur- 
ing the year, — one on the habits, food and economic value 
of the American toad (Bufo lentiginosus americanus), and 
one on the brown-tail moth (Huproctis chrysorrhea). I 
have been able in the intervals of other duties to prepare a 
monograph of the plume-moths (Pterophoride) of North 
America, which is published with illustrations in the thirty- 
fifth annual report of the college. A large amount of time 
has also been devoted to the work on the gypsy moth in the 
eastern part of the State. 


SAN JOSH SCALE. 


The San José scale (Asprdrotus perniciosus) has appeared 
in many places in Massachusetts, having been received on 
nursery stock from nurseries both in this and in other States. 
In the early part of the season my assistants visited, as far 
as possible, all the nurseries in the State, and carefully ex- 
amined them for this scale. Most of them appeared to be 
entirely free from this insect, but a few were more or less 
infested. The owners of these infested nurseries have taken 
the most active measures to destroy this pest, under the 
supervision of one of my assistants. Many of the nursery- 
men do not raise a sufficient amount of stock to supply all 
of their orders, and often purchase from outside sources. 
This stock is often received and sent out without examina- 
tion, and in this way it is possible for the San José scale to 
be distributed by those whose nurseries are not infested. <A 
bulletin on the San José scale will be published as soon as 
other duties will permit, in which will be given a more com- 
plete account of the condition of the nurseries visited, to- 
gether with the measures taken to eradicate the pest. 
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The scale insects have been and are still being introduced 
into this country from other parts of the world, and in this 
way we are liable at any time to find new or unknown species 
on our fruit or ornamental trees and shrubs and in our green- 
houses. It therefore seems wise to learn as much as possible 
about these insects, in order that we may know what to do 
with those already here, and any that may hereafter be 
brought into this country. To this end, more than six hun- 
dred circular letters were sent out to all entomologists whose 
names and addresses could be obtained, asking for specimens 
of two genera of the scale insects, and already a large amount 
of material has been received. Prof. R. S. Lull has under- 
taken to work up and prepare a monograph of the genus 
Pulvinaria, and Mr. R. A. Cooley a monograph of the genus 
Chionaspis. Very commendable progress has already been 
made by these two gentlemen. 


ARMY Worm. 


During the summer of 1896 the army worm (Leucania 
unipuncta) was very abundant in Amherst and in many other 
parts of the State, often in destructive numbers, and in the 
correspondence with this department information concerning 
this insect was asked for more than of all others combined. 
During the summer of 1897, however, the army worm seems 
to have been present in so few numbers as to have done no 
harm, and it was not referred to in a single letter received 
by me. It is a well-known fact that this insect has never in 
the past appeared in destructive numbers two years in suc- 
cession in the same place, and the past season seems to have 
been no exception. The caterpillars were reported in many 
cases to have been more or less infested with the eggs of a 
parasitic fly. These eggs no doubt hatched and the young 
maggots made their way into the caterpillars and destroyed 
them, thus reducing the army worm to insignificant numbers, 
so that the few remaining have been entirely overlooked. 


Puant Lice. 
While the army worm has been very scarce during the past 
season, the aphids or plant lice have been very abundant on 
trees and shrubs, and many letters have been received, asking 
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how to destroy them. The best method, so far as known, is 
to spray the trees with kerosene emulsion; but in spraying 
it is very difficult to reach every insect, and, as they multiply 
very rapidly, they soon become as abundant as ever, and it 
becomes necessary to spray the trees or shrubs repeatedly 
after short intervals. 


Tospacco CuTworm. 


Karly in the season cutworms were said to be destroying 
the young tobacco plants in the tobacco fields of the Con- 
necticut valley, and specimens that were brought in and bred — 
to maturity developed into moths which proved to be Car- 
neades messoria. The caterpillars of this species partake of 
a rather varied diet, consisting not only of tobacco, but also 
of cabbage, corn, potatoes, spinach, onions, lettuce and 
fruit trees. The usual method taken by our tobacco growers, 
so far as I can learn, is to reset tobacco plants where they 
have been cut off by the worms, and at the same time dig 
out and destroy the worm that has done the mischief. 


CANKER WORMS. 


Four years ago canker worms began to increase so rapidly 
in this town that public attention was called to them, and a 
general account of the species occurring in Massachusetts 
was given with illustrations in Bulletin No. 20, published in 
January, 1893. In that bulletin the usual remedies were 
given. These consisted of tacking bands of heavy paper 
around the trunks of the trees and painting these bands with 
prepared printers’ ink, repainting with the ink as often as it 
became dry or hardened enough to permit the females to 
cross the band. The method of protecting the trees with oil 
troughs of zinc or tin around the trunks was also mentioned. 
It was finally stated that probably the most effectual method 
was to spray the trees with Paris green in water as soon as 
the eggs hatched in the spring. A further account of canker 
worms was given in Bulletin No. 28, published in April, 1895. 

A careful study of the different methods used to destroy 
these insects, which are so prevalent in many parts of this 
Commonwealth, has been made on thirteen apple trees on my 
own premises in Amherst. Three years ago these trees were 
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carefully banded with heavy paper and painted with Morrill’s 
tree ink early in the spring, when the first females began to 
ascend the trees, and the painting was repeated as bitch as 
necessary. It was found that the ink would often harden on 
the trees even during the night following the application, and 
remain hard on the shady side long enough in the morning 
for some of the females to ascend the tree on that side, so 
that this method did not prove to be a perfect protection. 
The cost of the materials and of their application averaged 
about fifty cents to each tree. 

The oil troughs are also quite expensive, and often leak so 
that the rain displaces the oil and then evaporates, allowing 
the females to ascend the trees; or spiders spin their webs 
across beneath the overhanging protection, forming a bridge 
on which the moths may easily pass, so that this nies does 
not form a perfect protection. 

Two years ago these trees were sprayed with Paris green 
in water, in the proportion of one pound to one hundred and 
fifty gallons, at a cost of five cents a tree, allowing fifteen 
cents an hour for labor. There was a strong wind blowing, 
and more time was required to do the work than would 
otherwise have been the case. Last year the same trees 
were sprayed with Paris green, in the same proportion as 
before. At this time it was nearly calm, and the cost of 
spraying was three cents a tree. The contrast between these 
trees and those on adjacent lots were very marked, for the 
sprayed trees retained their foliage and yielded a full crop, 
while the unsprayed trees were stripped of leaves, and bore 
no fruit. These trees were sprayed but once, and _ this 
method appears to have been more effectual and far cheaper 
than the others. Im case of rain it might be necessary to 
repeat the spraying, but even then it would be the cheaper 
method. 
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REPORT OF THE CHEMIST. 


DEPARTMENT OF FERTILIZERS AND FERTILIZER 
MATERIALS. 


CHARLES A. GOESSMANN, 
Assistants: HENRI D. HASKINS, CHARLES I. GOESSMANN, GEORGE D. 
LEAVENS, 


I. Report on Official Inspection of Commercial Fertilizers. 
II. Report on General Work in the Chemical Laboratory. 
III. Observations with Special Fertilizers on Tobacco raised in 
Massachusetts. 


I. REPORT ON OFFICIAL INSPECTION OF COM-— 
MERCIAL FERTILIZERS AND AGRICULT-— 
URAL CHEMICALS IN 1897. 


CHARLES A. GOESSMANN. 


Sixty-six manufacturers and dealers in commercial fertil-— 
izers and agricultural chemicals have secured, during the 
past year, licenses for the sale of their goods in the State. 
Thirty-six of these parties have offices for the general dis- 
tribution of their. goods in Massachusetts; the remainder 
reside in other States, —ten in New York, six in Connecti- 
cut, three in Rhode Island, three in Vermont, two in Penn- 
sylvania, one in Maryland, one in Illinois, one in Ohio and 
three in Canada. 

The number of distinct brands licensed, including agricult- 
ural chemicals, amounted to two hundred and ninety. 

The collecting and sampling of the material for official 
analyses were in charge of Mr. R. H. Smith, a graduate of 
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the Massachusetts Agricultural College in the class of 1892, 
who since his graduation has been an efficient assistant in 
the chemical laboratory of the experiment station for the 
examination of commercial fertilizers. 

Four hundred and fifteen samples of fertilizer have thus 
far been collected during the present year; of these, three 
hundred and one samples, representing two hundred and 
twenty-three distinct brands, were analyzed by the close of 
the month of November, and the results published in July 
and November bulletins, Nos. 48 and 49, of the Hatch Ex- 
periment Station of the Massachusetts Agricultural College. 
The remaining samples, in common with others coming 
under our observation before the expiration of the licenses, 
will be analyzed in due time, and the results published in 
conformity with our laws for the regulation of the trade in 
commercial fertilizers. 

The results of the inspection during the past season are, 
on the whole, quite satisfactory, and if anything are an im- 
provement on the results of the preceding year. The ben- 
eficial results of improved machinery and of improved skill 
in the management of the manufacture of fertilizers show 
themselves in a marked degree when compared with the gen- 
eral character of commercial fertilizers in earlier periods of 
the business. 

To render the actual conditions of the trade in commercial 
fertilizers during the past season more prominent, a sum- 
mary of our results is here inserted. In reading the subse- 
quent statement, it has to be remembered that only the 
lowest stated guarantee is legally binding in all sales: — 


(a) Where three essential elements of plant food were guar- 


anteed : — 
Number with three elements equal to or above the highest guaran- 
tee; : , : : : : : : . . . ACERS: 
Number with two elements above the highest guarantee, : he 
Number with one element above the highest guarantee, . ; 60 
Number with three elements between the lowest and scales eae: 
antee, ; > 469 
Number with two aliments hemmed fie Toca and micas guaran- 
tees, . : OO 


Number with one ei gtient iaeeeen the ieee aid bike peaem 
tees, . . : ; : : : : é , : : iA kG 
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Number with two elements below the lowest guarantee, . ; 2 OG 
Number with one element below the lowest guarantee, . ‘ . 29 
(5) Where two essential elements of plant feed were guaran- 

teed : — 
Number with two elements above the highest guarantee, ; Jn aes 
Number with one element above the highest guarantee, . : ie 
Number with two elements between the lowest and highest guaran- 
tees, . : 13 
Number with one pleanee Lee the Ae a histo oe 
tees, . : : : ee be 
Number with one pienen beloe the toes ota : : a AO 
Number with two elements below the lowest guarantee, . : tee 
(c) Where one essential element of plant food was guaran- 
teed : — 
Number above the highest guarantee, : ; na) 
Number between the lowest and highest sapiens i. 20 
Number below the lowest guarantee, . ; : ; 5 i | 


The modes of analyses adopted in this work were in all 
essential points those recommended by the Association of 
Official Chemists. 

Attention has been called, in previous reports, to the fact 
that the introduction of a more liberal amount of potash into 
the make-up of a large class of so-called complete manures 
has become from year to year more general. This change 
has been slow but decided, and in a large degree may be 
ascribed to the daily increasing evidence, resulting from 
actual observations in field and garden, that the farm lands 
of Massachusetts are frequently especially deficient in potash 
compounds, and consequently need in many instances a more 
liberal supply of available potash from outside sources to 
give satisfactory returns. Whenever garden vegetables, fruits 
and forage crops constitute the principal products of the 
land, this recent change in the mode of manuring deserves a 
particularly careful trial; for the crops raised consume ex- 
ceptionally large quantities of potash, as compared with grain 
crops. In view of these facts, it will be conceded that a 
system of manuring farm and garden which tends to meet 
the more satisfactory recognized conditions of large areas 
of land, as well as the special wants of important growing 
branches of agricultural industries, is a movement in the 
right direction. 

In repeating these statements, it is not assumed that it will 
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remain economical to continue the practice after a repeated 
application of a liberal amount of potash, without some 
special reason. 

To restore to the soil those essential manurial constitu- 
ents which the crops carry off is a safe rule to follow in the 
effort to secure the maintenance of the fertility of the soil; 
yet to obtain this result in the most economical way will 
always remain the ultimate aim of farming as a business 
enterprise. | 

A judicious management of the trade in commercial fertil- 
izers implies a due recognition of results well established by 
experiment, regarding the requirements of a remunerative 
production of farm and garden crops; yet, as the manufact- 
urer at best can only prepare the composition of his special 
fertilizers on general lines, not knowing the particular con- 
dition and character of the soil which ultimately receives 
them, it becomes of the utmost importance on the part of the 
farmer to make himself acquainted with his special wants of 
-manurial substances, and to thus qualify himself for a more 
judicious selection from the various fertilizers offered for 
purchase. 

The present condition of the trade in commercial fertil- 
izers offers exceptional advantages to provide efficient 
manures for the raising of farm and garden crops of every 
description congenial to soil and climate. The various es- 
sential articles of plant food, as potash, phosphoric acid and 
nitrogen compounds, are freely offered for sale in forms 
suitable to render, by their addition, the different kinds of 
manurial refuse matter of the farm in a higher degree fit 
to meet the special wants of the crops to be raised. 

As the physical conditions and chemical resources of sozls 
on available plant food frequently differ widely even on the 
same farm, no definite rule can be given for manuring farm 
lands, beyond the advice to return to the soil in available form 
those plant constituents which the crops raised during the pre- 
ceding years have abstracted in exceptionally large proportion, 
and which will be especially called for by the crops to be 
raised. : 

An intelligent selection of fertilizers from among the va- 
rious brands offered for sale requires, in the main, two kinds 
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of knowledge; namely, that the brand of fertilizer in ques- 
tion actually contains the guaranteed quantities and qualities 
of essential articles of plant food at a reasonable cost, and 
that it contains them in such form and proportions as will 
best meet under ea circumstances the special wants of 
soil and crop. 

In some cases it may be only phosphoric acid or nitrogen 
or potash ; in others, two of them; and in others again, “a 
three. A remunerative use of commercial fortilinen can 
only be secured by attending carefully to these considera- 
tions. 

To assist farmers in selecting their fertilizers with refer- 
ence to the wants of the crops they wish to cultivate, the 
writer has for years published in his annual reports a com- 
pilation of the analyses of farm and garden crops, to serve 
as a guide to all interested in a rational mode of manuring 
plants. Copies of these compilations of analyses may be 
secured by asking for them at the office of the Hatch Experi- 
ment Station at Amherst, Mass. 

An economical use of manurial substances from any source 
is only possible after the local condition of the soil under 
consideration, as well as the special wants of the crops to be 
raised, have been duly considered. It becomes the business 
of every progressive farmer to acquire such information as is 
called for to select intelligently, from the various manurial 
resources at his disposal, those materials which will meet 
best his wants for a complete fertilizer. 

In making choice from among the so-called complete fertu- 
izers, two points seem to be in particular worth remembering. 
First, select them with reference to the amount, the quality and 
the kind of essential constituents they are guaranteed to con- 
tain, and not merely with reference to cost per ton; mere trade 
names are no guarantee of fitness. High-priced articles, when 
offered by reputable manufacturers, have proved in many m- 
stances cheaper than low-priced goods. Second, buy your 
supplies of reputable dealers, and insist in all cases on a state- 
ment of guaranteed composition. 

The majority of manufacturers and dealers in commercial 
fertilizers in Massachusetts have been for years on record, 
regarding the character of their goods, in the published re- 
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ports of the State inspector, which are open to the public ; 
to these records this office invariably refers all parties asking 
for information in that direction. 


VALUATION OF COMMERCIAL FERTILIZERS. 


The market value of the higher grades of agricultural 
chemicals and compound fertilizers depends in the major- 
ity of cases on the amount and the particular form of three 
essential articles of plant food which they contain, 2.e., nitro- 
gen, potash and phosphoric acid. Supply and demand con- 
trol the temporary market prices not less in the fertilizer 
trade than in other lines of commercial business. 

The approximate market value of a fertilizer, simple or 
compound, is obtained by multiplying the pounds contained 
in a ton of two thousand pounds by the trade value per 
pound of each of the three above-stated essential constitu-, 
ents of plant food present. The same course is adopted 
with reference to the different forms of each, wherever dif- 
ferent prices are recognized in the trade. Adding the dif- 
ferent values per ton obtained, we find the total value per 
ton at the principal place of distribution. 

As farmers are quite frequently not in the position to 
secure the desired information regarding the market cost 
of fertilizers they wish to secure, the official inspectors of 
commercial fertilizers have aided them for years in ascer- 
taining the current market prices of the following leading 
or standard raw materials : — 


Sulphate of ammonia. Ammoniate. 

Nitrate of soda. Castor pomace. 

Muriate of potash. Linseed meal. 

Sulphate of potash. Dried blood. 

Cotton-seed meal. Dried ground meat. 

Dry ground fish. Bone and tankage. 

Azotin. Plain superphosphates, etc. 


Which serve largely in the manufacture of good fertilizers 
for our market; and have published the results of their in- 
quiries in form of tables, stating the average trade values 
per pound, for the six months preceding, of the different 
kinds and forms of fertilizing materials at the leading places 
of distribution. 
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The market value of fertilizing ingredients, like other 
merchandise, is liable to changes during the season. The 
values stated below are based on the condition of the fer- 
tilizer market in centres of distribution in New England 
during the six months preceding March, 1897: — 


Trade, Values of Fertilizing Ingredients in Raw Materials and 
Chemicals, 1897 (Cents per Pound). 


Nitrogen in ammonia salts, . : : 2 IE ro) 18D 

Nitrogen in nitrates, .  . 14.0 

Organic nitrogen in dry and Apeecracue fe pene bleed nut in 
high-grade mixed fertilizers, . : 14.0 


Organic nitrogen in cotton-seed meal, feeaed way | oe in eee 
pomace, 

Organic nitrogen in ae ene bone ond lees 

Organic nitrogen in medium-ground bone and tankage, 

Organic nitrogen in coarse bone and tankage, 

Phosphoric acid soluble in water, . ‘ 

Phosphoric acid soluble in ammonium abate, 

Phosphoric acid in fine bone and tankage, 

Phosphoric acid in medium bone and tankage, 

Phosphoric acid in coarse bone and tankage, 

Phosphoric acid in fine-ground fish, cotton-seed ae linea 


ed et 


wo P Or. Or Or WO — OO bo 
ocooracqoqceou od 


meal, castor pomace and wood ashes, 5.0 
Phosphoric acid insoluble (in am. cit.) in mixed feria 2.0 
Potash as sulphate, free from chlorides, ; 5.0 
Potash as muriate, . 4.5 


From these figures it is apparent that the best forms of 
nitrogen and phosphoric acid have suffered a material reduc- 
tion in cost, as compared with preceding years. 

The market value of low-priced materials used for manu- 
rial purposes, as salt, wood ashes, various kinds of lime, 
barn-yard manure, factory refuse and waste materials of 
various description, quite frequently does not stand in a 
close relation to the current market value of the amount of 
essential articles of plant food they contain. Their cost 
varies in different localities. Local facilities for cheap trans- 
portation, and more or less advantageous mechanical condi- — 
tions for speedy action, exert, as a rule, a decided influence 
on their selling price. 

The mechanical condition of any fertilizing material, simple 
or compound, deserves the most serious consideration of 
farmers when articles of a similar chemical character are 
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offered for their choice. The degree of pulverization con- 
trols, almost without exception, under similar conditions, 
the rate of solubility, and the more or less rapid diffusion 
of the different articles of plant food throughout the soil. 

The state of moisture exerts a no less important influence 
on the pecuniary value in case of one and the same kind of 
substance. Two samples of fish fertilizers, although equally 
pure, may differ from fifty to one hundred per cent. in com- 
mercial value, on account of mere difference in moisture. 

Crude stock for the manufacture of fertilizers, and refuse 
materials of various descriptions, have to be valued with 
reference to the market price of their principal constituents, 
taking into consideration at the same time their general fit- 
ness for speedy action. 

Consumers of commercial manurial substances will do well . 
to buy, whenever practicable, on a guarantee of composition 
of their essential constituents, and to see to it that the bill 
of sale recognizes the point of the bargain. Any mistake 
or misunderstanding in the transaction may be readily ad- 
justed, in that case, between the contending parties. The 
responsibility of the dealer ends with furnishing an article 
corresponding in its composition with the lowest stated 
quantity of each specified essential constituent. 

It is of the first importance, when buying fertilizers for 
home consumption, to consider their cost with reference to 
what they promise to furnish. 


List of Manufacturers and Dealers who have secured Certificates for 
the sale of Commercial Fertilizers in the State during the Past 
Year (May 1, 1897, to May 1, 1898) and the Brands li- 
censed by Each. 


The Armour Fertilizer Works, Chicago, | American Fertilizer Co. — Con. 


fl. :— Alkali Nitrate Phosphate for Grass 
Bone Meal. and Grain. 
Bone and Blood. General American Fertilizer. 
Ammoniated Bone and Potash. Potato Fertilizer. 


All Soluble. 
Bone, Blood and Potash. 
Grain Grower. 


Wm. H. Abbott, Holyoke, Mass. :— 
Eagle Brand for Grass and Grain. 
Complete Tobacco Fertilizer. 


American Fertilizer Co., Boston, Animal Fertilizer. 


Mass. : — American Cotton Oil Co., New York, 
Alkali Nitrate Phosphate for Hoed N.Y.:— 
Crops. Cotton-seed Meal. 
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Bartlett & Holmes, Springfield, Mass. :— 
Pure Ground Bone. 
Animal Fertilizer. 
Tankage. 


H. J. Baker & Bro., New York, N. Y.:— 
Pure Ground Bone. 
Standard Un X Ld Fertilizer. 
Strawberry Manure. 
Potato Manure. 
Tobacco Manure. 
Grass and Grain Manure. 
A.A. Ammoniated Superphosphate. 
Harvest Home Fertilizer. 


C. A. Bartlett, Worcester, Mass. : — 
Fine-ground Bone. 
Animal Fertilizer. 


Berkshire Mills Co., Bridgeport,Conn .:— 
Complete Fertilizers. 
Ammoniated Bone Phosphate. 


Bowker Fertilizer Co., Boston, Mass. : — 
Stockbridge Special Manures. 
Hill and Drill Phosphate. 
Farm and Garden Phosphate. 
Lawn and Garden Dressing. 
Fish and Potash. 

Potato and Vegetable Manure. 
Potato Phosphate. 

Market Garden Manure. 

Sure Crop Phosphate. 
Gloucester Fish and Potash. 
High-grade Fertilizer. 

Essex Fertilizer. 

Bone and Wood Ash Fertilizer. 
Nitrate of Soda. 

Dried Blood. 

Dissolved Bone-black. 
Muriate of Potash. 

Sulphate of Potash. 


William E. Brightman, Tiverton, R.I. :— 


Potato and Root Manure. 
Phosphate. 
Fish and Potash. 


Bradley Fertilizer Co., Boston, Mass. : — 


X. L. Superphosphate. 

Potato Manure. 

B. D. Sea Fowl Guano. 

Complete Manures. 

Fish and Potash. 

High-grade Tobacco Manure. 
English Lawn Fertilizer. 
Ammoniated Bone Phosphate. 
Breck’s Lawn and Garden Dressing. 
Sulphate of Potash. 
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Bradley Fertilizer Co. — Con. 
Muriate of Potash. 
Nitrate of Soda. 
Sulphate of Ammonia. 
Dissolved Bone-black. 
Fine-ground Bone. 


Daniel T. Church, Providence, R.I. (EH. 
Wilcox, general agent) :— 
Church’s B Special. 
Church’s C Standard. 
Church’s D Fish and Potash. 


The Cleveland Linseed Oil Co., Cleve- 
land. O.2— 
Screened Linseed Meal. 


Clark’s Cove Fertilizer Co., Boston, 
Mass. : — 
Bay State Fertilizer. 
Bay State Fertilizer G. G. Brand. 
Great Planet Manure. 
Potato and Tobacco Fertilizer. 
King Philip Guano. 
Potato Manure. 
Fish and Potash. 
White Oak Pure Bone Meal. 


Cleveland Dryer Co., Boston, Mass. :— 
Superphosphate. 
Potato Phosphate. 
Cleveland Fertilizer. 


E. Frank Coe Co., New York, N. Y.:— 

High-grade Potato Fertilizer. 

Bay State Ammoniated Bone Super 
phosphate. 

Bay State Potato Manure. 

High-grade Ammoniated Bone Su- 
perphosphate. 

Gold Brand Excelsior Guano. 

Fish Guano and Potash. 


Crocker Fertilizer and Chemical Co., 
Buffalo, N. Y.:— 

Ammoniated Bone Superphosphate. 

Potato, Hop and Tobacco Phosphate. 

Ammoniated Wheat and Corn Phos- 
phate. 

New Rival Ammoniated Superphos- 
phate. : 

Practical Ammoniated Superphos- 
phate. / 

Vegetable Bone Superphosphate. 

General Crop Phosphate. 

Universal Grain Grower. 

Special Potato Manure. 

New England Tobacco and Potato 
Grower. 
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Crocker Fertilizer and Chemical Co. — 
Con. 
Coolidge Bros. Special Truck Fer- 
tilizer. 
A. A. Complete Manure. 
Ground Bone Meal. 
Pure Ground Bone. 
Muriate of Potash. 
Nitrate of Soda. 


Cumberland Bone Phosphate Co., Bos- 
ton, Mass. : — 
Superphosphate. 
Potato Fertilizer. 
Concentrated Phosphate. 
Guano. 


City Florist, Brockton, Mass. :— 
Boo Boo Plant Food. 


L. B. Darling Fertilizer Co., Pawtucket, 
R. I.: — 
Animal Fertilizer. 
Potato and Root Crop Manure. 
Lawn Dressing. 
Tobacco Grower. 
Blood, Bone and Potash. 
Special Formula. 
Fine-ground Bone. 
Muriate of Potash. 
Nitrate of Soda. 


John C. Dow & Co., Boston, Mass. : — 
Ground Bone Fertilizer. 
Nitrogenous Superphosphate. 
Pure Ground Bone. 


W.E. Fife & Co., Clinton, Mass. : — 
Wood Ashes. 


Great Eastern Fertilizer Co., Rutland, 
Vt.:— 
Northern Corn Special. 
General Fertilizer. 
Vegetable Vine and Tobacco Fertil- 
izer. 
Garden Special. 
Soluble Bone and Potash. 


Thomas Hersom & Co., New Bedford, 
Mass. : — 
Bone Meal. 
Meat and Bone. 


Alonzo P. MHenderson, 
Mass. :— 


Acme Brand Fertilizer. 


Hanover, 


Edmund Hersey, Hingham, Mass. :— 
Ground Bone. 
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John G. Jefferds, Worcester, Mass. :— 
Animal Fertilizer. 
Potato Manure. 
Fine-ground Bone. 
Thomas Joint, St. Helen, Ontario, 


Can. 7— 
Unleached Hard-wood Ashes. 


Thomas Kirley, South Hadley Falls, 
Mass. : — 
Pride of the Valley. 


A. Lee &.Co., Lawrence, Mass. : — 
Lawrence Fertilizer. 


Lowell Fertilizer Co., Boston, Mass. :— 
Bone Fertilizer for Corn and Grain. 
Complete Manure for Vegetables. 
Animal Fertilizer. 

Potato Phosphate. 
Bone and Potash. 
Lawn Dressing. 

Tobacco Manure. 
Empire Fertilizer. 


Lowe Bros. & Co., Fitchburg, Mass. : — 
Tankage. 


F. L. Lalor, Dunville, Ontario, Can. : — 
Canada Unleached MHard-wood 
Ashes. 


The Mapes Formula and Peruvian Gu- 
ano Co., New York, N. Y.:— 
Bone Manures. 
Superphosphates. 
Special Crop Manures. 
Sulphate of Potash. 
Double Manure Salts. 
Nitrate of Soda. 


E. McGarvey & Co., London, Ontario, 


Can.:— 
Unleached Hard-wood Ashes. 


McQuade Bros., West Auburn Mass. : — 
Fine-ground Bone. 


Geo. L. Monroe, Oswego, N. Y.:— 


Canada Unleached MHard-wood 
Ashes. 
National Fertilizer Co., Bridgeport, 
Conn. :— 


Complete Fertilizers. 
Ammoniated Bone. 
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National Fertilizer Co. — Con. 
Market-garden Manure. 
Potato Phosphate. 

Fish and Potash. 
Ground Bone. 


Niagara Fertilizer 
N. Y¥.:— 
Wheat and Corn Producer. 
Grain and Grass Grower. 
Potato, Tobacco and Hop Fertilizer. 
Niagara Triumph. 


Works, Buffalo, 


New England Dressed Meat and Wool 
Co., Boston, Mass. :— 
Sheep Fertilizer. 


Packers Union Fertilizer Co., New York, 
N. Y.:— 
Universal Fertilizer. 
Wheat, Oats and Clover Fertilizer. 
Animal Corn Fertilizer. 
Potato Manure. 
Gardener’s Complete Manure. 


Pacific Guano.Co., Boston, Mass :— 
Soluble Pacific Guano. 
Special Potato Manure. 
Special for Potatoes and Tobacco. 
Nobsque Guano. 
High-grade General Fertilizer. 


Parmenter & Polsey Fertilizer Co., Pea- 

body, Mass. :— 
Plymouth Rock Brand. 
Star Brand Fertilizer. 
Butman Brand Fertilizer. 
Special Potato. 
Strawberry. 
Ground Bone. 
Muriate of Potash. 
Sulphate of Potash. 
Nitrate of Soda. 


A. W. Perkins & Co., Rutland, Vt. : — 
Plantene. 


Prentiss, Brooks 
Mass. : — 
Complete Manures. 
Phosphate. 
Nitrate of Soda. 
Muriate of Potash. 
Sulphate of Potash. 


& Co., Holyoke, 


Preston Fertilizer Coss 


Brooklyn, 
N. Viz - i 


Ammoniated Bone Superphosphate. | 
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Quinnipiac Co., Boston, Mass. : — 
Phosphate. _ 
Potato Manure. 
Market-garden Manure. 
Fish and Potash. 
Havana Tobacco Grower. 
Grass Fertilizer. 
Corn Manure. 
Potato Phosphate. 
Onion Manure. 
Pure Ground Bone. 
Dry Ground Fish. 
Muriate of Potash. 
Sulphate of Potash. 
Nitrate of Soda. 
Sulphate of Ammonia. 
Dissolved Bone-black. 


Read Fertilizer Co., New York, N. Y. 
(H. D. Foster, general agent) : — 
Standard Fertilizer. 
High-grade Farmers’ Friend. 
Practical Potato Special. 
Farmer’s Friend, 
Vegetable and Vine. 


N. Roy & Son, South Attleborough, 
Mass. :— 
Complete Animal Fertilizer. 


The Rogers & Hubbard Co., Middletown, 
Conn. :— 
Soluble Potato Manure. 
Soluble Tobacco Manure. 
Fairchild’s Formula for Corn and 
General Crops. 

Fruit Fertilizer. 
Grass and Grain Fertilizer. 
Oats and Top-dressing Fertilizer. 
Pure Raw Knuckle Bone Flour. 
Strictly Pure Fine Bone. 
Fertilizer for all Soils and all Crops. 


Russia Cement Co., Gloucester, Mass. :— 
X X X Fish and Potash. 
High-grade Superphosphate. 

Corn, Grain and Grass Manure. 
Potato, Root and Vegetable Manure. 
Special Tobacco Fertilizer. 

Odorless Lawn Dressing. 


Lucien Sanderson, New Haven, Conn. :— 
Formula A. ” 
Blood, Bone and Meat. 
Dissolved Bone-black. 
Nitrate of Soda. 
Sulphate of Potash. 
Muriate of Potash. 
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Mass. : — 


Ground Bone. 


J. Stroup & Son Co., Boston, Mass. : — 
_Hard-wood Ashes. 


Thomas L. Stetson, Randolph, Mass. :— 
Ground Bone. 


Standard Fertilizer Co., Boston, Mass. :— 
Standard Fertilizer. 
Potato and Tobacco Fertilizer. 
Standard Guano. 
Complete Manure. 
Fine-ground Bone. 


C. F. Sturtevant, Hartford, Conn : — 
Tobacco and Sulphur Fertilizer. 


Henry F. Tucker, Boston, Mass. : — 
Original Bay State Bone Superphos- 
phate. 
Imperial Bone Superphosphate. 
Special Potato Fertilizer. 


I. P. Thomas & Son Co., Philadel- 
phia, Pa. : — 

Martin’s Bone Mixture. 
So. Carolina Phosphate with Potash. 
So. Carolina Phosphate. 
Pure Ground Animal Bone. 
Steamed Bone. 
Improved Superphosphate. 
Potato and Tomato Manure. 
Normal Bone Phosphate. 
Farmer’s Choice Bone Phosphate. 
Tobacco Fertilizer. 


Walker, Stratman & Co., Pittsburg, 
Pa. :— 
Potato Special. 
Big Bonanza. 
Smoky City. 
Four Fold. 


Andrew H. Ward, Boston, Mass. : — 
Ward’s Chemical Fertilizer. 
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I. S. Whittemore, Wayland, Mass. : — 
Complete Manure. 


D. Whithed, Lowell, Mass. : — 
Champion Fertilizer. 
Bone Meal. 


The Wilcox Fertilizer Works, Mystic 
Conn. : — 
Potato, Onion and Tobacco Manure. 
Ammoniated Bone Phosphate. 
High-grade Fish and Potash. 
Dry Ground Fish Guano. 


Williams & Clark Fertilizer Co., Boston, 
Mass. : — 
Ammoniated Bone Superphosphate. 
Potato Phosphate 
High-grade Special. 
Fine Wrapper Tobacco Grower. 
Royal Bone Phosphate. 
Corn Phosphate. 
Potato and Tobacco Manure. 
Grass Manure. 
Fish and Potash. 


Universal Ammoniated Dissolved 
Bone. 


Prolific Crop Producer. 
Onion Manure. 

Bone Meal. 

Dry Ground Fish. 
Sulphate of Potash. 
Muriate of Potash. 
Nitrate of Soda. 
Dissolved Bone-black. 
Sulphate of Ammonia. 


M. E. Wheeler & Co , Rutland, Vt. : — 
High-grade Corn Fertilizer. 
High-grade Potato Manure. 
Superior Truck Fertilizer. 

Havana Tobacco Grower. 

High-grade Fruit Fertilizer. 

High-grade Grass and Oats Fertil- 
izer. 

Electrical Dissolved Bone. 
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II. -_REPORT ON GENERAL WORK IN THE CHEM- 
ICAL LABORATORY. 


CHARLES A. GOESSMANN. 


Analyses of Materials sent on for Examination. 

Notes on Barn-yard Manure. 

Notes on Wood Ashes. 

Notes on Cotton-seed Meal. 

Notes on Guano from West Coast of Africa. 

Notes on Ashes from Crematory Furnace for City 
_ Garbage. 

7. Notes on Wool Washings. 


oe asiee eee 


1. ANALYSES OF MATERIALS SENT ON FOR EXAMINATION. 


The work carried on in this connection is growing from 
year to year in importance. A large proportion of com- 
mercial manurial substances consists of by or waste products 
of various industries. The composition and general charac- 
ter of these materials depend on the current mode of manu- 
facture. The rapid advancement in many branches of indus- 
tries is at any time liable to affect more or less seriously the 
commercial as well as the manurial value of their waste prod- 
ucts. <A frequent examination of that class of materials 
cannot fail to benefit the vital interests of our farming com- 
munity. For this reason arrangements were made, as in 
previous years, to attend to the examination of substances 
of interest to farmers to the full extent of the resources 
placed at the disposal of the officer in charge of this work. 
These investigations are carried on free of charge to farmers 
of the State. The results are considered public property, 
and are published from time to time in the bulletins of the 
station. | 

The number of substances tested in this connection amount 
to two hundred and thirty-eight. As the detailed results of 
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their analyses have already been published in three bulletins, 
Nos. 45, 48 and 49, March, July and November, 1897, a brief 
statement of the names of the different articles analyzed will, 
on this occasion, suffice to convey some idea of the extent 
and the character of the work accomplished. Only a few of 
these materials of more special importance are reserved for a 
subsequent short discussion. 

The substances tested from Dec. 1, 1897, to Dec. 1, 1898, 
are as follows: wood ashes, 89; cotton-seed meal, 23; cot- 
ton-seed hull ashes, 3; cotton factory waste, 5; tankage, 
bone and fish, 17; muck, peat and soils, 16; chemicals, 14; 
acid phosphates and dissolved bone-blacks, 5; natural phos- 
phates, 6; tobacco refuse, 2; complete fertilizers, 31; mis- 
cellaneous, 9; Damara land guano, garbage cremation ashes 
and wool washings, each 1. 

Aside from this work are the complete analyses of 36 
samples of tobacco leaves, together with numerous tests 
for the quality of ash and rate of combustion. See Bul- 
letin No. 47, on tobacco experiments, published in April, 
1897. 

The responsibility of the genuineness of all articles sent 
on for examination rests with the parties asking for the 
analysis. Our publications of the results refer merely to 
the locality they come from, to avoid misunderstandings. 
Samples of fertilizers collected from original packages by 
authorized agents of the station in the general markets fur- 
nish the material for official analyses, and are considered 
genuine articles. 


2. Notes on BARN-YARD MANURE. 


The importance of barn-yard manure as a home source of 
plant food cannot be over-estimated in a mixed farm man- 
agement. In a well-regulated rational system of stock feed- 
ing it is one of the cheapest if not the cheapest source of 
valuable manurial constituents. An exceptional liability to 
vary in composition is the strongest objection which can be 
raised against its exclusive use as a manure supply for the 
farm and garden, yet this objection has lost much of its force 
since the causes of variation are better understood, and may 
thus be avoided to a considerable extent. We have learned 
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how to improve its efficiency as a complete manure under 
varying conditions of soil as well as of varying wants of 
crops, by adding those manurial constituents which are called 
for in different relative proportions, and which the barn- 
yard manure on hand does not contain. 


Analyses of EHighty Samples of Barn-yard Manure made at Am- 
herst, Mass. 


| POUNDS PER HUNDRED. Pounds see 
ANALYSIS. Ton 
Highest. Lowest. Average. |(2,000 Pounds). 
Moisture, . : 3 : : 75.00 | 60.00 | 67.24 | 1344.80 
Nitrogen, . : : . : 1.36 21 -o2 10.40 
Potassium oxide, : 3 : 1.40 .13 56 11..20 
Phosphoric acid, : : : BPs) . 10 39 7.80 


The average barn-yard manure contains, as will be noticed 
from the above statement, a larger percentage of nitrogen as 
compared with potash and phosphoric acid than is generally 
considered economical in a complete fertilizer for general 
farm purposes. : 

The practice of adding to the manurial refuse materials of 
the farm, as stable manure, vegetable compost, etc., such single 
commercial manurial substances as will enrich them in the 
direction desirable for any particular crop, does not yet receive 
that degree of general attention which it deserves. An addi- 
tion of potash in the form of murrate or sulphate of potash, 
or of phosphoric acid in the form of fine-ground South Caro- 
lina or Florida soft phosphate, eic., will im many instances 
not only improve their general fitness as complete manure, but 
quite frequently permit a material reduction in the amount of 
barn-yard manure ordinarily considered necessary to secure 
satisfactory results. An addition of from thirty to forty 
pounds of muriate of potash and one hundred pounds of 
fine-ground soft Florida phosphate per ton of barn-yard 
manure, at any time before applying the latter to the soil 
deserves recommendation. 
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3. Nores on Woop ASHEs. 


Forty per cent. of all articles sent on for examination 
consist of wood ashes. They are sold in the majority of 
cases under the trade name ‘‘ Unleached Canada hard-wood 
ashes.” Ninety-eight samples tested at the station during 


the past year gave the following results : — 
No. of Samples. 


Siueurcicom isto. S percent, . « . . » 10 
. 4to 6 8 ‘ : ‘ . ss 
st 6 to 10 : ; : : - eae 
y 10 to 15 bk : 2 . ; aan 
“3 15 to 20 7 : : ; : toga 
se 20 to 30 ¥ ; : : : oi 10 

Moisture above 35 per cent., ; : ; cervict 

Potassium oxide above 8 per cent., . : ; : oa 

es « -from 7 to 8 per cent., ~ : . a. 
x. as ahd 4 oY a rae se hfe | 
- af Ss Fa) Li ba oe - : d #28 
& ee eee Oy eae ; : : etl 
< pois 6 : : ; Pe. 
ee “ below 3 per cent., . : : . . none 

Phosphoric acid above2 * ; : noateg ¢ 

xi “ from 1to2percent., . : : . 45 
= “© below 1 per cent., . ‘ ; . . 24 

Average per cent. of calcium oxide (lime), . - . 34.29 

bto: 50, eee. 

Per cent. mineral matter insoluble in | i. es 19, fag, 

diluted hydrochloric acid, from — Be —. ee 
| 20 re 30, Pie 
| above 30, ~~ 1 


The variations noticeable in the composition of wood 
ashes are not surprising when we consider the crude mode 
of collecting and handling them for commercial purposes. 
The particular effects of both varying quantities of foreign 
insoluble matter, as soil, coal ashes, etc., and of moisture, 
on the composition of a given sample of genuine wood 
ashes, as far as its percentage of potash and of phosphoric 
acid is concerned, depend largely on the particular kind of 
wood which has served for the production of the ash. The 
color of the wood ashes in case of dark varieties depends 
usually on admixture of more or less charcoal, while an ex- 
ceptionally light color is not unfrequently due to the kind 
of wood which furnishes it. Some kinds of wood, as elm 
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wood, produce a white ash of excellent quality, judging 
from samples sent on for examination. 

As the dealer is only obliged to guarantee the amount of 
potash and of phosphoric acid present in a given quantity 
of wood ashes, no serious objection can be raised on the part 
of the buyer on account of moisture, etc., as long as the 
article contains the specified amount of both potash and 
phosphoric acid. 

Wood ashes ought to be bought and sold by weight, and 
not by measure, for both moisture and foreign matters are 
apt to affect seriously the weight of a given measure. 

Some dealers in wood ashes have adopted of late the prac- 
tice of stating merely the sum of both, instead of specifying 
the amount of each of them present. As phosphoric acid 
and potassium oxide contained in wood ashes are considered 
in our section of the country, pound for pound of an equal 
commercial value, from 4.5 to 5 cents, no particular objec- 
tion can be raised against a joint statement of both as far as 
the mere money value of the samples is concerned ; yet, as 
this mode of stating the guaranteed composition is apt to 
lead to misconception and abuse, it ought to be discouraged 
and discontinued. } 

The large percentage of lime, from 30 to 40 per cent., 
found in genuine wood ashes, imparts a special agricultural 
value to them as a fertilizer, aside from the amount of 
potash and phosphoric acid they contain. Wherever an 
application of lime is desired, wood ashes deserve favorable 
consideration, on account of the superior mechanical con- 
dition of the lime they furnish. 


4. Novres on Corron-SEED MEAL AS A FERTILIZER. 


Recent low prices of some concentrated feed stuffs have 
favored experiments to test their fitness for supplying 
directly nitrogen, phosphoric acid and potash for plant food. 
Whenever the market value of the amount of nitrogen, 
phosphoric acid and potash they contain compares fairly 
well with the market cost of these three ingredients, the 
trials deserve, for various reasons, encouragement. 

The richness of cotten-seed meal, linseed meal, etc., as: 
well as their marked disposition to rot in the presence of 
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moisture and of a fair average temperature, caused their 
selection. Both are quite frequently looked upon with favor 
as suitable materials to furnish plant food for various farm 
crops. Cotton-seed meal in particular is to-day used exten- 
sively by tobacco growers in the Connecticut River valley 
as the main source of nitrogen for that crop. 

The increasing importance of cotton-seed meal as a fertil- 
izer has been followed by the writer with a frequent ex- 
amination of the articles sold in our markets to protect the 
interests of our farmers. Importers of cotton-seed meal, 
claiming that they sold their articles as a feed stuff and not 
as a fertilizer, declined as a rule until quite recently to take 
out a fertilizer license which would oblige them to sell with 
a stated guarantee of at least the nitrogen. 

The results of sixty-five analyses carried on under my 
direction are as follows : — 


PER CENT. 

Maximum. | Minimum. | Average. 
Moisture, . ; : - ; 10.80 3.90 7.00 
Nitrogen, . ; : : 790 2.08 6.60 
Phosphoric acid, : : : : 3.36 73 bye 
Potassium oxide, : : : : 2.38 -48 1.76 


Allowing 12 cents for every pound of nitrogen, 5 cents 
per pound for each of phosphoric acid and potassium oxide, 
these three ingredients represent per ton a market value of — 


$19.39 in case of our average sample of cotton-seed meal. 
24.82 in case of our highest sample of cotton-seed meal. 
6.20 in case of our lowest sample of cotton-seed meal. 


The above-stated difference in the composition of cotton- 
seed meal is mainly due to the presence of more or less 
ground skins and husks of the cotton seed. Cotton-seed 
meal designed for fodder ought to be free from skins and 
husks, to deserve a recommendation for that purpose ; cot- 
ton-seed meal to be used for fertilizer may contain more or 
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less of this substance, provided the entire material is finely 
ground and the price in accordance with the composition. 

We advise farmers to buy cotton-seed meal, like all other 
fertilizing materials, on the basis of a guarantee of (at least) 
nitrogen as the basis of the bargain. For their information 
it seems but proper to state in this connection that the 
American Cotton Oil Company of New York has quite re- 
cently secured a license for the sale of their cotton-seed meal 
as a fertilizer in our State, and intend to sell on the basis of 
the amount of nitrogen their article contains. 


5. Nores on Damara LAND GUANO. 


The material which served for our examination was sent 
on to this office by Messrs. H. J. Baker & Bro. of New York 
City. It consisted of a bag containing two hundred pounds 
of guano, and was accompanied by analyses of two chemists 
of London, -Eng. As every new source of a genuine guano 
claiming to resemble the Peruvian guano of earlier periods 
in the trade of commercial fertilizers must be of special im- 
portance to all interested in the temporary resources of our 
supplies of plant food, our results are briefly stated below : — 


Analysis of Damara Land Guano (Per Cent.). 


Moisture at 100° IC.) (fin. (ant ae ae len 
Organic matter, ; . 25.63 
Total ash, opis BAe Rie eke ag oD aN Ale te eae aa ve 
Total dironen : : : : : Oat 
Nitrogen in form of nouns, : ; : » = £80 
Nitrogen in form of nitrates, . : : : -05 
Nitrogen in form of organic matter, : : . 8.94 
Carbonic acid, . - : : : . trace 
Total phosphoric acd: ? : : ‘ oft eS 
Soluble phosphoric acid, . ; : : . 4.90 
Reverted phosphoric acid, 4 : : fiat Deie 
Insoluble phosphoric acid, : : ! . 4.09 
Total potassium oxide, . j ; ‘ . i DOO 
Potassium oxide soluble in water, . : Bee Meena oy! 20 
: Sodium oxide, . : A : : : : CRUEEOS 
Calcium oxide, . . 5 d ‘ ‘ § 142m 
Magnesium oxide, . siete 
Tron and aluminum oxides, ; ‘ : 5 . trace 
Sulphuric acid, . : : : 4 . : Owe 
Chlorine, . , : : F : : ‘ en 


Insoluble matter, : : 5 d i : Pgh 5) 
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The results of our analyses of the sample (two hundred 
pound bag) kindly sent on for trial by Messrs. H. J. Baker 
& Bro., New York City, are fairly within the stated com- 
position of English chemists. The guano, it is stated, has 
been brought from some islands off the west coast of Africa ; 
it is a valuable material, as may be seen from our detailed 
statement. 


6. Norres on CREMATORY ASHES FROM CiTy GARBAGE. 


In my annual report for 1895 (pages 160 and 161), special 
attention was called to two important recent modes of sav- 
ing city garbage, kitchen refuse in particular, for manurial 
purposes. Sanitary considerations are the first cause of 
the introduction of these new modes of disposing of objec- 
tionable refuse matter, which promise to become from day 
to day more important as supplies of valuable fertilizer 
materials. 

Our attention has been in particular called to the products 
of the crematory furnace ashes from Lowell, Mass. The 
article is evidently improving, in consequence of the adop- 
tion of a proper system of sifting and grinding the ashes, 
as will be seen from the accompanying analysis, represent- 
ing, according to statement, one hundred tons. The selling 
price, from $10 to $11 per ton, invites serious trials, as a 
fertilizer furnishing potash, phosphoric acid and lime. 


Analysis of Ashes from the Cremation of City ee (Per Cent.). 


Moisture at 100°C., . ‘ ; ; ; ‘ ‘ -53 
Potassium oxide, : : : : : ' oth Or 
Sodium oxide, . 3 d ; : : 15366 
Total phosphoric aol : : ‘ : © MOLZE 
Available phosphoric acid, : " ee i: 
Insoluble phosphoric acid, : : : te firs | 
Sulphuric acid (So, He : j , : é Raber et fi 
Chlorine, . ; : : : : ne EO 
Carbonic acid (CO,), : : : 3 . 10.85 
Calcium oxide, ; j : z A , » ‘20522 
Magnesium oxide, . , ‘ : ; ' ee ot 
Tron and alumina, . : : : ; : f 9-352 
Insoluble matter, : : : .. 24°26 


Nitrogen (inactive lyan com oped! : ; : re 
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7. Nores on Woot WASHINGS AS A SOURCE OF FERTILIZER. 


It is a well-known fact that the skins of sheep and raw 
wool are coated with potash compounds of a soap-like 
nature. In many localities in Europe it is a common prac- 
tice to turn to account for manuring grass lands the water 
used in washing sheep before shearing, as well as the wash 
water obtained from raw wool in factories. This is used 
in form of an overflow. Wherever meadows adjoin the place 
of washing wool, arrangements may be readily provided 
for turning the wool washings directly to account. Samples 
of raw wool tested here for potash some years ago gave the 
following results : — 


Potassium oxide soluble in water (per cent.), . meres, 7 
Potassium oxide soluble in diluted hydrochloric acid 
(per cent.), . : : : . : . 4.20 


Of interest in this connection are the results of examina- 
tion of a material sent on from a factory in this State. The 
article was labelled ‘‘ concentrated potash liquor,” and de- 
scribed as obtained from the washings of wool with water 
after the grease had been extracted by naphtha. It con- 
sisted of a highly colored, thick, syrup-like mass, containing 
a liberal admixture of fine fibrous vegetable matter. An 
analysis made with reference to its approximate value as a 
fertilizer gave the following results : — 


i Per Cent. 
Moisture at 100° C., . ; ; d é 5 ia ALS 


Dry matter, 4 . : : . : . 58.87 


The dry matter left behind contained : — 


Per Cent. 


Potassium oxide, ; : : . : : . 10.15 
Phosphoric acid, . : ; : : : : .10 
Nitrogen, . : : . : . : : tiny Og 


The commercial value of these ingredients per ton of the 
original substance at the present rates amounts approximately 
to $12.40. In charring the original material directly, 100 
parts left behind 36.49 parts; the charred mass tested for 
potassium oxide showed 34.91 per cent. present, or 698.2 
pounds of potassium oxide per ton of charred residue, which 
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equals 1,012 pounds of carbonate of potash per ton of charred 
residue practically free from chlorine. 

The scarcity of a good quality of carbonate of potash for 
manurial purposes in case of tobacco and similar industrial 
crops ought to encourage attempts to turn the concentrated 
potash liquor to account. 

The charred mass might serve directly as material for the 
manufacture of a high-grade potash fertilizer. 
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Il, NOTES OF FIELD EXPERIMENTS WITH 
TOBACCO IN MASSACHUSETTS, 1893-96. 


CHARLES A. GOESSMANN. 


The experiments briefly described in the following pages 
were carried on with the co-operation of the Valley Tobacco 
Experiment Association of Massachusetts. 

The officers of this organization consisted of President 
L. A. Crafts of Whately, Vice-President C. L. Fowler of 
Westfield, Secretary and Treasurer G. D. Fisk of Agawam ; 
Board of Directors, W. A. Porter of Agawam and C. L. 
Warner of Hatfield. 

Hatfield, Westfield and Agawam were chosen for the loca- 
tion of the experiments. The selection of the particular 
field in each place was left to a special committee of the 
association. In all cases a deep, sandy loam was selected 
for the trial. 3 

The same kind and the same amount of fertilizing in- 
gredients were used in all cases, and the observations con- 
tinued for three successive years. For details see Bulletin 
No. 47, April, 1897. 

The variety of tobacco selected for the trial was Havana 
seed. For the purpose of securing uniformity of fertilizer 
during the years of the experiment, it was decided to pur- 
chase at once, as far as advisable, enough of each kind to 
supply the needed materials for three years. 


STATEMENT OF FERTILIZERS USED UPON DIFFERENT PLOTS. 


The fertilizer mixture used during the entire time of 
observation contained in all cases, per acre : — 


Pounds. 


Potassium oxide (available) . 5 : : : 300 
Nitrogen (available), : : : : : : 100 
Phosphoric acid (available), . . . . = See 


One-fourth of the nitrogen was in all cases used in the 
form of nitrates of soda or potash, to secure a uniform con- 
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dition of availability of nitrogen during the early stages of 
growth. 

Each experiment plot measured 3,634 square feet, or 
approximately one-twelfth of one acre. 


Chemical Composition of the Different Fertilizing Ingredients used in 
compounding the Special Fertilizers for Different Plots in the 
Tobacco Experiment. Ingredients containing Chlorine were 
carefully excluded from the Mixtures of Fertilizers in All Cases. 


|| 82 | gz l|-s |] 8 (as 
g og 5 i ia ak | 2x 
NAME OF MATERIAL. A es ao go EO 2© 
£ | 8 8 3 3 5 
— oq ° fo) Ss s 
“ Zi A ov D 6) P| 
Nitrate of soda, - - A é ; 15.59 = - 35.00 - = 
Nitrate of potash, . ° - - : 12.79 = 45.05 - - = 
Cotton-seed meal, . : - j ; 6.50 Sold 2.25 = _* -* 
Linseed meal, . ° . . . °. 5.91 1.95 1.08 = —* —* 
Castor pomace, . : 5 A 6 : 5.60 2.26 3.40 - -* _* 
Dissolved bone-black, . - ° ° - 13.38 - - ~* - 
Odorless phosphate, or phosphatic slag, ~ 18.42 ~ ~ 48.27 - 
High-grade sulphate of potash, . : - - 50.20 - - = 
Potash-magnesia sulphate, . - : - ~ 24.32 - ~ 12.58 
Cotton-seed hull ashes, . 4 : - - W293) 28.96 - 9.30 | 10.47 
Carbonate of potash-magnesia, z - - - 18.48 - - 19.52 
Barn-yard manure, . : ° ° - -52 39 -56 ~* —* -* 


* Not determined. 


Chemical Composition of the Different Special Formulas used in 
the Tobacco Experiment. 


PLoT 1. 
POUNDS OF FERTILIZING ELEMENTS 
NAME OF FERTILIZING MATERIAL Pounds es 
USED. per Acre. | Phosphoric | Potassium ; 
Acid. Oxide. Nitrogen. 
Nitrate of potash, . ; A ; 195 - 88 25 
Cotton-seed meal, . : : : 1,154 ae 26 75 
Dissolved bone-black, . : : 175 23 - - 
Potash-magnesia sulphate, . ; 765 ~ 186 - 


otal,” ~. 7 : : - 60 300 100 
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PLOT 2.-, 
PounDs OF FERTILIZING ELEMENTS 
NAME OF FERTILIZING MATERIAL Pounds pe 


USED. 


Nitrate of potash, . 

Castor pomace, 

Dissolved bone-black, . 
Potash-magnesia sulphate, 


Total, 


Nitrate of soda, 
Cotton-seed meal, . 
Cotton-seed hull ashes, . 


Total, 


Nitrate of soda, 
Castor pomace, 
Cotton-seed hull ashes, . 


Total, 


Potassium 


per Acre. | Phosphoric : 
cid. Oxide. Nitrogen. 


195 - 88.0 25 
1,340 31 45.0 (i) 
221 29 - = 
685 — 166.5 ~ 


° ~ 60 299.5 100 


PLorT 3. 
(60-30 oe 2 25 
. |1,154.0 | 37.00 26 75 


1,142.0 | 90.56 274 = 


ne es | ee eee | eee 


- | 127.56 300 100 


PLotT 4, 


160.3 - - 25 
1,340.0 31.0 | 45.50 75 


1,060.0 84.1 | 253.97 - 


- 115.1 | 299.47 100 


[PLor 5.—No manure at any time during the experiment. ] 


Nitrate of soda, . 
Cotton-seed meal, . 


Dissolved bone-black, . 


High-grade sulphate of potash, 


Total, 


PLOT 6. 
160.3 - - 25 
GA) 37 26 75 
175.0 23 - - 


sea 274 . 
eee 300 | 100 


— 
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FEOT- 7: 
POUNDS OF FERTILIZING ELEMENTS 
NAME OF FERTILIZING MATERIAL Bounde, po+ 2 ee 
USED. per Acre. | Phosphoric | Potassium : 
, Acid. Oxide. Nitrogen. 
Nitrate of soda, . ; i Yh 8602S ~ - v5. 
Castor pomace, . . : . | 1,840.0 31 45.50 75 
Dissolved bone-black, . ; | 5 iP ee 29 = = 
High-grade sulphate of potash, .| 506.0 — | 254.50 - 
—— 60 | 300.00 | 100 
PLOT 8. 
Nitrate of soda, . ; ‘ 2 160.3 - - 25 
Linseed meal, : : : th LAZROn) 124.078 14 es 
Dissolved bone-black, . 4 eh (O6R 0b “85222 = - 
High-grade sulphate of potash, .| 569.7 - 286 - 
otal, « , : ; ; - 60.00 300 100 
PLoT 9. 
Nitrate of potash, . ‘ ‘ ; 195 - 88 25 
Cotton-seed meal, . ; ; coe hie: on 26 (id 
Cotton-seed hull ashes, . ‘ : 776 62 186 - 
otal; *'. : : ‘ ; . 99 300 100 
Pron, 10, 
Nitrate of potash, . ; ; é 195.0 - 88.00 25 
Castor pomace,_ . ‘ : . | 1,840.0 al 45.50 75 
Phosphatic slag meal, . : ik edor a0 29 - ~ 
Carbonate of potash-magnesia, .| 900.9 - 166.50 = 
‘Total, ‘ , : , - 60 300.00 100 
Priors: tl) AND: 02, * 
Barn-yard manure, . . . | 20,000 | 78 | 112 | 104 


* Average analysis of seventy-five samples tested at the station laboratory at Amherst, Muss, 
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SuMMARY OF THREE YEARS OF OBSERVATION AT HATFIELD, 
AGAWAM AND WESTFIELD. 


I. Number of Plants harvested and Yield of Tobacco per One 


Thousand Plants. 
Hatfield (Old Tobacco Land). 


\ 
DIFFERENCE IN YIELD 


AVERAGE NUMBER OF PER PLOT ON THE 
PLANTS. BASIS OF 1,000 PLANTS 
(POUNDS). 
Per Plot.* | Per Acre. Highest. Lowest. 
1893, o61 6,734 266 217 
1894, 618 7,419 223 191 
1895, 626 7,512 222 191 
* One-twelfth of one acre. 
Westfield (New Tobacco Land). 
1894, ; 670 8,040 192 155 
1895, 593 7,122 245 217 
1896, 689 | 8,269 216 | 191 
Agawam (New Tobacco Land). 
1893, 5 : 696 8,352 225 158 
1894, 704 8,432 220 164 
1895, 695 8,340 222 148 
AVERAGE YIELD OF TOBACCO ON THE BASIS 
OF 1,000 PLANTS HARVESTED (POUNDS). 
YEAR. im ahaha ia... 
Hatfield. Westfield. Agawam. 
1393, 7 P j ‘ Zao a2 = 191.3 
1894, . : ‘ 206.4 171.6 186.7 
1895, . : ; : 210.5 22000) 176.2 
1896, . ~ 199.4 - 
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II. Average Yield of Tobacco, with Reference to Wrapper, per 
One Thousand Plants. 


Hatfield. 
‘ oe : : Average Per- Variations in 
see “otPobucco. | of Wrappers. | femlagg of |, Fereentagy of 
Pounds. Pounds. 

1393,» ‘ ; ‘ 235.2 922 41.2 21.0-71.0 
Pees! ‘ : : 206.6 105.0 00.7 38.8-64.4 
1895, -. ‘ ‘ ; 210.1 109.3 6201 36.8-63.1 

Westfield. 
1994, . ‘ : ‘ | 171.3 90.3 52.3 41.6-62.10 
1895, 228.7 49.6 21.2 6.4-34.40 
1396.) .. 5 : , 199.3 138.2 69.6 59.0-78.80 

Agawam. 
Pa0a,."* 5 ; : j 190.8 _* _* _* 
1894, . ; : vin gekee 52.2 20.7 8.8-44.4 
1895, 178.8 _* _* _* 


* Not determined. 


CONCLUSIONS DRAWN FROM THE THIRD YEAR OF OBSER- 
VATION. 


1. Good mechanical preparation of the soil and early 
application, and thus good diffusion of the fertilizers, not less 
than early planting and a suitable number of plants to a 
given area, exert a decided influence on the quantity and the 
quality of the crop, under otherwise corresponding con- 
ditions. Planting as early as the local climate admits 
secures the benefit of the winter moisture. 

Too close planting interferes with a liberal or rapid devel- 
opment of the leaves, and too large open spaces between the 
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individual plants tends to favor a coarser structure. Rows 
three feet and four inches apart with plants twenty inches 
from each other in the row (Westfield), and rows two feet 
and eight inches apart with plants two feet from each other 
in the row (Hatfield) gave better returns than rows three 
feet apart with plants eighteen inches from each other in the 
row (Agawam). 

2. A timely, shallow use of the cultivator or hoe for the 
removal of weeds favors a uniform progress of growth. A 
careless use of cultivator or hoe invariably checks more or 
less the growth of the plants, and modifies more or less their 
structure and general character. 

3. The different fertilizer mixtures used in our experi- 
ments have affected in a less marked degree the weight of the 
crop raised by their aid than the quality. New lands reduced 
by previous cropping to a state approaching general exhaus- 
tion of available plant food, if otherwise well fitted for raising 
tobacco, have given excellent results when supplied with a 
suitable mixture of fertilizing ingredients in quantities sim- 
- ilar to those applied during our experiments (Westfield). 
Such lands are at times preferable to old tobacco lands over- 
charged with remnants of all kinds of saline ingredients, 
usually associated with the common run of commercial fer- 
tilizers. 

4, Cotton-seed meal, linseed meal and castor pomace have 
proved equally good sources of nitrogen for the successful 
raising of tobacco when used in connection with nitrate of 
soda or potash, sufficient to furnish one-fourth of the nitrogen 
called for by the crop. 

5. Nitrate of soda as a part of the nitrogen supply in 
the fertilizer (25 per cent.), when used in presence of acid 
phosphate, dissolved bone-black, etc., has been accompanied 
with better results regarding quality of crop than nitrate of 
potash under otherwise similar conditions. 

6. Cotton-seed hull ashes and high-grade sulphate of 
potash have proved in our observation most valuable sources 
of potash for tobacco, the former in the majority of cases 
leading. Nitrate of potash has produced excellent results 
when used in connection with an alkaline phosphate, as phos- 
phatic slag meal or with carbonate of potash-magnesia. Our 
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results with potash-magnesia sulphate as the main potash 
sources of a tobacco fertilizer are not encouraging. 

7. The difference noticed in the color of ash, etc., in case 
of the crop being raised upon different plots, is in several 
instances so slight that an attempt to classify the various fer- 
tilizers used with reference to their superior fitness on the 
basis of color and compactness of ash cannot be otherwise 
than arbitrary. With this qualification in mind, the following 
classification is offered for the consideration of parties en- 
gaged in the cultivation of tobacco in our section of the 
country : — 


First Class. 


Plot 4.—Nitrate of soda, cotton-seed hull ashes and castor 
pomace. 

Plot 3.— Nitrate of soda, cotton-seed hull ashes and cotton- 
seed meal. 

Plot 9.— Nitrate of potash, cotton-seed hull ashes and cotton- 
seed meal. 

Plot 10. — Nitrate of potash, carbonate of potash-magnesia and 
phosphatic slag. 


Second Class. 


Plot 6.— Nitrate of soda, high-grade sulphate of potash, cotton- 
seed meal and dissolved bone-black. 

Plot 8. — Nitrate of soda, high-grade sulphate of potash, linseed 
meal and dissolved bone-black. 

Plot 7. — Nitrate of soda, high-grade sulphate of potash, castor 
pomace and dissolved bone-black. 


Third Class. 


Plot 1. — Nitrate of potash, potash-magnesia sulphate, cotton- 
seed meal and dissolved bone-black. 

Plot 2. — Nitrate of potash, potash-magnesia sulphate, castor 
pomace and dissolved bone-black. 


The observations with barn-yard manure have not been 
considered in the above classification; they are very en- 
couraging, but not sufficient in number to permit detailed 
discussion in this connection; besides, the amount of barn- 
yard manure used in our experiment, ten tons per acre, con- 
tained nearly two hundred pounds of potassium oxide and 
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from thirty to forty pounds of available phosphoric acid less 
than our formula of commercial fertilizing ingredients called 
for. 

An early application of barn-yard manure, properly sup- 
plemented with a suitable potash compound and available 
phosphoric acid, has produced excellent results in other 
localities. 
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June 18, Sunday, + Address before the College Young Men’s 
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1900. 
January 3, Wednesday, winter term begins, at 8 a.m. 
March 22, Thursday, winter term closes, at 10.15 a.m. 


ANNUAL REPORT OF THE TRUSTEES 


OF THE 


MASSACHUSETTS AGRICULTURAL COLLEGE. 


His Excellency the Governor and the Honorable Council. 


There has passed away within the last few days one who 
for forty years has been a leader in the council chamber of 
the nation. Patriotic and wise in his statesmanship, con- 
servative, yet firm as the rocky hills of his native State, in 
his convictions he impressed his own force and strength of 
character upon his associates. Courteous and gentle in 
manner, he so won their love and affection that his wishes 
became law and personal solicitation secured what argument 
failed to effect. Keenly alive to the lack of an education 
which had been bounded by the narrow limits of his village 
school, he resolved to place within the grasp of the indus- 
trial classes an education which should -best fit them for the 
duties and professions of life. After years of effort he 
succeeded, at a time when the country was distracted and 
rent by civil dissension and war, in passing an act estab- 
lishing, in each State and Territory accepting its provisions, 
a college to teach such branches of learning as are related 
to agriculture and the mechanic arts, in order to promote 
the liberal and practical education of the industrial classes. 
Twenty-eight years later, recognizing that the growth of a 
college must depend upon an increased income to keep pace 
with its increased demands, he succeeded in materially 
adding to their endowment. The last days of his life were 
spent in devising means for placing that endowment upon a 
secure and permanent foundation. In the death of Senator 
Justin S. Morrill the whole country has sustained a great 
loss. What he was in shaping the policy of the nation, he 
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was in the cause of education. It would seem fitting, then, 
that in this public document of the Commonwealth the trus- 
tees of the Massachusetts Agricultural College, its faculty 
and students, unite in this expression of love and esteem 
for his character and reverence for the wisdom and foresight 
that inaugurated a system of education so complete and far- 
reaching in its results. | 

Dr. Harris in one of his addresses made the remark that 
the experiment station, as a laboratory, is the pivot on 
which the agricultural college is wheeling. What the ex- 
periment station is to the college, the laboratory is in all 
matters of education. It is the nut on the other side of the 
beam which holds the bolt and prevents it from drawing 
through. It drives home and clinches the theories advanced 
in the recitation room. For what a man has himself per- 
formed he can never forget, and the educated hand and 
trained eye never lose their cunning till sense and motion 
cease in the absolute repose of death. Taking advantage, 
then, of this strong right arm in education, we have planted 
our laboratories in every department: in the botanical, to 
study plant diseases and their remedies; in the horticult- 
ural, to test the different varieties of fruit, flowers and 
vegetables and the effects of crossing and pollination; in 
the entomological, to breed the crawling, creeping, flying 
scourges that assail our crops, and find out the most effec- 
tive poisons that will exterminate them without injury to 
the plant; in the chemical, to resolve compounds into their 
component parts, and reassemble them into other useful 
or destructive combinations; in the physical, to study the 
principles of draft and mechanics, or the wondrous powers 
of electricity; in the agricultural, to study the properties 
of soil and the fertilizers to be added or withheld; in the 
drill hall, to give the student a graceful, easy carriage, and 
build up a strong and manly body as the fit accompaniment 
and framework for a strong and manly soul. In pursuance 
of this plan, at the last session of the General Court, an 
appropriation was asked in order to erect and maintain 
a veterinary laboratory and hospital-stable, for the study 
of animal diseases and the hygienic principles affecting 
the health of domestic stock. The veterinary department, 
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though the last to be recognized, is perhaps the most 
important in the whole college curriculum. It touches 
the life and health of the farm animals to the amount of 
$20,000,000, and through them it affects most intimately 
the life and health of the 2,500,000 citizens of this Com- 
monwealth, dependent upon them and their products. It 
is one of the earliest attempts, in this State, to encourage 
the intelligent study of animal disease, and is only in line 
with the very first principle of education, that instruction 
and study must go hand in hand. 

The committee of trustees having in charge the erection 
of the necessary buildings advertised for bids. Sixteen, 
from different parts of the State, were offered, as shown in 
the following table : — 


James Bowdry, Jr., Holyoke, ; . ; » $21,985 
H. P. Cummins & Co., Ware, : ; : . 20,944 
S.S. & H. N. Lawrence, Fitchburg, . : me 2h to 
Joseph Hebert, Northampton, ‘ : : . 22,865 
N. L. Cain, Holyoke, . ; . ; «91 28,350 
H. C. Wood, Westfield, . ? : : ; A 30.157 
A. A. Jones, Holyoke, . ‘ ; : . ¢ 20,070 
Thorpe Bros., Holyoke, . ‘ ‘ : : » 21,647 
La Liberte, Holyoke, . 4 : i 3 48 (22971 
La France & La Rivier, otra, ; , ‘ . 20,789 
Lynch Brick Company, Holyoke, . : : . 22,963 
J. W. Bishop & Co., Worcester, . : ; . 19,868 
Cutting, Bardwell & Co., Worcester, . : oo Leo 
E. L. Witherell, Westfield (stable), . : 6,874 
Allen Bros., Amherst, . ; : i sol #20,300 
Henry Mellen & Son, eee nate: : Z : say hd seoo. 


The lowest, that of Henry Mellen & Son of Worcester, 
was accepted. The laboratory and stable, built of brick 
with brown-stone trimmings, are now well advanced 
towards completion, the walls being up and roofed over 
and the slate already in place. In like manner the build- 
ing intended for the dairy plant was let to the lowest 
bidder, and will soon be ready for work. 

The wave of patriotism that swept over our land left its 
impress upon the college, as it did upon all similar institu- 
tions. It found there willing minds and loyal hearts, and 
stirred them as none have been stirred since the days of 
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°61-65. The men who framed and passed the act of 1862, 
establishing in each State and Territory an agricultural and 
mechanical college, builded far better than they knew when 
they imposed instruction in the art and theory of war as a 
condition to the acceptance of the grant. Never was there 
a larger return for capital invested. Hardly had the call to 
arms been sounded, when, all over the country, scholars, 
teachers, graduates, who had enjoyed the advantages of mil- 
itary instruction in these colleges, leaped to the front, and, 
offering their services, took the field. No one observing 
either the number or the quality of these men could for an 
instant doubt the wisdom of a policy which had in time of 
peace so carefully prepared for war and furnished material 
for just such an emergency. The presidents of twenty- 
four of these colleges reported that 29 of the undergradu- 
ates and 50 alumni had been commissioned in the regular 
army, and 157 undergraduates and 296 alumni in the volun- 
teer service, —a total of 541 officers, or enough for about 
12 regiments. Further, 1,084 students and ex-students 
joined the army as non-commissioned officers or privates. 
From these figures, reported by only one-half of the col- 
leges, we may safely assume that when full returns are 
received the number of officers will foot up to at least 600, 
and the non-commissioned officers and privates to 1,500 or 
1,600. One college alone, that of the State University of 
Ohio, and from which incomplete returns have as yet been 
received, was represented in the army by 3 field officers, 28 
line and 209 non-commissioned officers and privates. Our 
own college furnished for its quota 28. Of these, 4 were 
in the regular army and navy, and the rest in the volunteer 
service. Seven dropped their college work and endured 
the discipline of camp and garrison life. Of these, 5 have 
been discharged by reason of expiration of term of service, 
and 2 are still in camp, pending the result of their applica- 
tions for discharge to return and resume their studies. One 
private, Harvey R. Atkins, pined away and died of a broken 
heart on the shores of Santiago, consumed with longing for 
his native land; and one, alas, now sleeps beneath a spread- 
ing oak in the national cemetery at Arlington. Wounded 
in the arm, then shot through a vital part of the body, a 
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third time wounded in the leg and twice more grazed by 
hostile balls, he lay all day amid the heat and conflict of the 
battle at El Caney, and as the night was lengthening into the 
dawn he passed away. On the afternoon of November 9 
memorial services were held in the college chapel, and on 
its walls was placed a bronze tablet, set in Sienna marble, 
in loving remembrance of Captain Walter Mason Dickinson, 
by his college friends. | 

The entering class this year was fully up to the mark of 
the last two or three years, 34 having entered the freshman 
class, and the sophomore receiving 5 additions. The plan 
proposed by the college committee of the Board of Over- 
seers, to place one-half of the free scholarships offered by 
the State within the gift of the members of the Board of 
Agriculture, would be a move in the right direction. It 
would have the effect of enlisting the co-operation and aid 
of a wider circle of men, fully in sympathy with the college 
and its aims, and strengthening the bond which now unites 
the two. Legislation would be necessary to bring about 
this change, but the direct benefits appear so obvious that it 
is worthy of careful consideration. 

The studies of the senior year, sixteen in number, have 
thus far been elective, with the exception of English and 
military, which were required. An experience of six years 
has shown that there has been much misdirected effort on 
the part of the students, resulting partly from inclination, 
but mostly from a failure to grasp the proper correlation of 
subjects. Certain studies naturally fall into the same 
group,—as entomology, botany and German, or geology, 
agriculture and chemistry. But these groupings are not 
always clearly seen nor appreciated. To aid the students 
in selecting a proper sequence of studies, a dozen or more 
courses have been arranged, which will be offered for selec- 
tion. It is believed that in this way better results will be 
secured and more thorough work done in the time allowed. 
The courses in geology and astronomy, established last 
year, have been appreciated, and supply a want long felt. 

During March a true meridian was established by a num- 
ber of observations on Polaris at western elongation. In 
September the work was checked by observations at eastern 
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elongation. The line has been transferred to a suitable 
place and permanently marked. The location of the south 
end is the centre of the upper end of a piece of one and 
one-half inch gas pipe on the west side of the road near the 
drill hall. The north end is a cross, cut in the stone on 
the south end of the east step at the eastern entrance to the 
chapel-library building. This point is believed to be free 
from local attraction, and compasses should be set up there 
when magnetic declination is to be determined. This line 
may be used by any who so desire for testing their com- 
passes and determining the angle between the true and 
magnetic north, as given by any particular instrument at 
any desired time. ‘The change in the direction of magnetic 
north from year to year may also be determined. 

The finances of the college demand special consideration. 
The income from the maintenance fund has steadily de- 
creased, while the expenses have correspondingly increased. 
New methods and appliances and new courses opened to 
meet the growing demands have required corresponding out- 
lays. The number of buildings has increased from six to 
twenty-eight, each building requiring care and attention and 
more or less repairing each year. The teaching force has 
been augmented from four to eighteen, and is still imade- 
quate to give the instruction required by the charter of the 
college and the law of the United States under which it 
was founded. It is the logical outcome of a growing insti- 
tution. There can be no middle ground; it must either 
advance or retrograde,—it cannot stand still. This year 
the income from our maintenance fund has diminished 
$1,500, and we are assured that it will probably be less the 
ensuing twelve months. Predicating our resources on last 
year’s receipts, we find ourselves in debt, through no fault 
of our own, but through the falling off of the rate per cent. 
of our investments. To maintain the college, not only in 
its present standing, but to enable it to do the work for 
which it was founded, we ask that an annual increase to 
our resources be made of $10,000. Our teachers are under- 
paid and overworked. The dairy school requires additional 
equipment and teaching force. The short winter courses, 
for those unable to spend four years in securing an educa- 
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tion, need extra help; and the library, which places tools 
in the hands of teacher and pupil, has received the barest 
additions, except through gift and exchange, the past two 
years. Massachusetts offers her sons and daughters the 
best, and they have a right to demand the best. But the 
best can only be had at the market price for the best. 

In addition to the customary reports, I have the honor to 
submit a special paper on “‘ Butter Cultures.” 


Respectfully submitted, by order of the trustees, 


HENRY H. GOODELL, 


President. 
AMHERST, Jan. 2, 1899. 
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Master of Science. 
Holland, Edward Bertram, . : : . Amherst. 


Bachelor of Science. 
Adjemian, Avedis Garrabet (Boston Univ.), Kharpoot, Turkey. 
Baxter, Charles Newcomb (Boston Univ.), . Quincy. 
Clark, Clifford Gay (Boston Univ.), . . Sunderland. 
Eaton, Julian Stiles (Boston Univ.), . 1. Nyack, N.Y. 
Fisher, Willis Sikes (Boston Univ.), . . Ludlow. 
Montgomery, Jr., Alexander (Boston Univ.), Natick. 


* The annual report, being made in January, necessarily includes parts of two 
academic years, and the catalogue bears the names of such students as have been 
connected with the college during any portion of the year 1898. 
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Nickerson, John Peter (Boston Univ.), West Harwich. 
Warden, Randall Duncan (Boston 

Univ.) : : : ‘ Roxbury. 
Wiley, Samuel William(Boston Univ.), Amherst. 
Wright, George Henry (Boston Univ.), Deerfield. 


Young, Charles Elisha (81), .  . White Plains, N. Y. 
Total, : ; A : ; h . ; ai 


Senior Class. 


Armstrong, William Henry, : . Cambridge. 
Beaman, Dan Ashley, : : - Leverett. 
Boutelle, Albert Arthur,  .. : . Leominster. 
Chapin, William Edward, . ; . Chicopee. 
Dana, Herbert Warner, E : . South Amherst. 
Hinds, Warren Elmer, : d . Townsend. 
Hooker, William Anson, . ; . Amherst. 
Hubbard, George Caleb, _. : . Sunderland. 
Maynard, Howard Eddy, . : - Ambherst. 
Pingree, Melvin Herbert, . : - Denmark, Me. 
Sharpe, Edward Hewett, . .  « Northfield. 
Smith, Bernard Howard, . : . Middlefield. 
Smith, Samuel Eldredge, . ; . Middlefield. 
Stacy, Clifford Eli, . é 3 . Gloucester. 
Turner, Frederick Harvey, . ° . Housatonic. 
Walker, Charles Morehouse, ‘ . Amherst. 
Wright, Edwin Monroe, . : . Manteno, Ill. | 
Total, . _ i 3 ‘ i x : aN 


Junior Class. 
Atkins, Edwin Kellogg, . : . North Amherst. 


Baker, Howard, . d : ‘ . Dudley. 

Brown, Frank Howard, ; ‘ . Newton Centre. 
Campbell, Morton Alfred, . : . Townsend. 

Canto, Ysidro Herrera, ‘ ; . Cansaheat, Mexico. 
Crane, Henry Lewis, . : : . Ellis. 

Crowell, Jr., Charles Augustus, . . Everett. 

Crowell, Warner Rogers, . é . Everett. 


Felch, Percy Fletcher, - : . Worcester. 
Frost, Arthur Forrester, . : . South Monmouth, Me. 
Gile, Alfred Dewing, . : ; . Worcester. 
Halligan, James Edward, . . « Roslindale. 
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Harmon, Arthur Atwell, 
Hull, Edward Taylor, 
Kellogg, James William, 
Landers, Morris Bernard, 
Lewis, James, . i 5 
March, Allen Lucas, . 
Merrill, Frederic Augustus, 
Monahan, Arthur Coleman, 
Morrill, Austin Winfield, 
Munson, Mark Hayes, 
Otis, Wilbur Corthell, 
Ovalle Barros, Julio Moises, 
Parmenter, George Freeman, 
Saunders, Edward Boyle, 
Stanley, Francis Guy, 
Walker, Henry Earl, . 
West, Albert Merril, . 
Total, 


Chelmsford. 
Greenfield Hill, Conn. 
Amherst. 
Bondsville. 
Fairhaven. 
Ashfield. 
Boston. 
South Framingham. 
Tewksbury. 
Huntington. 
Beachmont. 
Santiago, Chili. 
Dover. 
Southwick. 
Springfield. 
Vineyard Haven. 
Brookville. 

29 


Sophomore Class. 


Ahearn, Michael Francis, 
Barry, John Cornelius, 
Boutelle, Clarence Alfred, . 
Bridgeforth, George Ruffin, 
Brooks, Percival Cushing, 
Casey, Thomas, : 
Chapman, John Chauncey, . 
Chickering, James Henry, . 
Clarke, George Crowell, 
Cooke, Theodore Frederic, . 
Curtis, Ernest Waldo, 
Dana, George Henry, 
Dawson, William Alucius, . 
Dickerman, William Carlton, 
Dorman, Allison Rice, 
Gamwell, Edward Stephen, 
Gordon, Clarence Everett, . 
Graves, Jr., Thaddeus, 


Greeley, Dana Sanford Bernard, 


Gurney, Victor Henry, 
Hemenway, Francis Ellis, . 
Henry, James Buel, 
Howard, John Herbert, 


Framingham. 
Amherst. 
Leominster. 
Westmoreland, Ala. 
Brockton. 
Amherst. 
Amherst. 

Dover. 

Malden. 
Austerlitz, N. Y. 
Canton. 

South Amherst. 
Worcester. 
Taunton. 
Springfield. 
Pittsfield. 
Clinton. 

Hatfield. 

East Foxborough. 
Forge Village. 
Williamsville. 
Scitico, Conn. 
Littleton Common. 
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Hunting, Nathan Justus, 
Jones, Clark Winthrop, 
Jones, Cyrus Walter, 
Judd, Warren Harold, 
Leslie, Charles Thomas, 
Macomber, Ernest Leslie, 
Moulton, Harry Jackson, 
Paul, Herbert Amasa, 
Pierson, Wallace Rogers, . 
Rice, Charles Leslie, . 
Rogers, William Berry, 
Root, Luther Augustus, 
Smith, Ralph Ingram, 
Tasbjian, Dickran Bedross, 
Todd, John Harris, 
Whitman, Nathan Davis, 
Wilson, Alexander Cavassa, 
Total, 


Shutesbury. 
Huntington. 
Amherst. 


[Jan. 


South Hadley Falls. 


Pittsfield. 
Taunton. 
Milford. 

Lynn. 

Cromwell, Conn. 
Pittsfield. 
Cambridge. 
Deerfield. 
Leverett. 


Kharpoot, Turkey. 


Rowley. 
South Boston. 
Boston. 


Freshman Class. 


Adams, Edward Ellis, 

Ball, George Treadwell, 
Belden, Joshua Herbert, 
Blake, Maurice Adin, 
Bodfish, Henry Look, 
Chapin, Warren Luther, 
Chase, William Zachariah, . 
Church, Frederick Richard, 
Claflin, Leander Chapin, 
Cole, William Richardson, . 
Cook, Lyman Adams, 
Cooley, Orrin Fulton, 
Dacy, Arthur Lincoln, 
Dellea, John Martin, . 
Dwyer, Chester Edwards, 
Fulton, Erwin Stanley, 
Gates, Victor Adolph, 
Greenman, Fred Howard, 
Hall, John Clifford, 
Hanlon, Harold Clinton, 
Hodgkiss, Harold Edward, . 
Holder, Walter Safford, 
James, Harold Francis, 


Millis. 
Holyoke. 


40 


Newington, Conn. 


Millis. 

Tisbury. 
Amherst. 

Lynn. 

Ashfield. rs 
Philadelphia, Pa. 
West Boxford. 
Millis. 

South Deerfield. 
Boston, ~ 
North Egremont. 
Lynn. 

Lynn. 

Memphis, Tenn. 
Haverhill. 

Rock Bottom. 
North Easton. 
Wilkinsonville. 
Lynn. 

Boston. 
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James, Hubert Carey, 
Kinney, Charles Milton, 
Knight, Howard Lawton, 
Lewis, Claude Isaac, . 
McCobb, Edmund Franklin, 
Morse, Ransom Wesley, 
Peabody, Harry Eldridge, . 
Smith, Samuel Leroy, 
Walker, Alpheus Hazard, 
Warden, James Kent, 
West, David Nelson, . 
Total, 
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Boston. 
Northampton. 


Gardner. 


Unionville. 
Milford. 
Belchertown. 
Stoneham. 
South Hadley. 
Millbrook. 
Rocky Point, N. Y. 
Northampton. 

: , 34 


Short Winter Courses. 


Dickinson, Raymond Daniel, 

Gifford, John Edwin, 

Holt, Jonathan Edward, 

Killam, Myron E., 

Leach, Oliver Herbert, 

Packard, Walter T., 

Risley, Clayton Erastus, 

Ward, Hezekiah Erwin, 
Total, . 


North Amherst. 

Sutton. 

Andover. 

West Boxford. 
Moultonborough, N. H. 
Campello. 

Plainfield, N. J. 
Buckland. 


Graduate Course. 


For Degree of M.S. 


Adjemian (B.Sc., M. A.C., 798), Ave- 
dis Garrabet, : 

Armstrong (B.Sc., M. ie Ca5) 2 Os 
Herbert Julius, : ; 

Caudell (B.S., Siiahoma: 96), An- 
drew Rison, : ; ; 

Goessmann (B.Sc., M. ie Ca OT ys 
Charles Ignatius, 

Goodale (A.B., Amherst dollege: 98), 
Alfred Beard. ; 

Hemenway, (B.Sc., M. at Gz 95), 
Herbert Daniel, 

Kochi (B.S., Sapporo, 91), Chujiro, 

Leavens (B. Bé., M.A.C. ec nae 
Davison, . : 


Kharpoot, Turkey. 
Sunderland. 
Kansas City, Mo. 
Awherst. 

South Amherst. 


Williamsville. 
Bingo, Japan. 


Brooklyn Heights, N. Y. 
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Peters, (B.Sc., M. A. C., 97), Charles 


Adams, . é ; . Worcester. 
Stevens (B.A., Harari Unie: 709) 
Waldo Warlaiit : ; ‘ . Groton. 
Total, ; ! 6 : , ; ‘ , Bee | 


Resident Graduates at the College and Experiment Station. 


Cooley, B.Sc., Robert Allen, . - South Deerfield. 
Drew, B.Sc., George Albert, ‘ . Westford. 
Haskins, B.Sc., Henri Darwin, . - North Amherst. 
Holland, B.Sc., Edward Bertram, . Amherst. 
Jones, B.Sc., Benjamin Kent, . . Middlefield. 
Kinney, B.Sc., Asa Stephen, ; - Worcester. 
Mossman, B.Sc., Fred Way, i . Westminster. 
Roper, B.Sc., Harry Howard, . . East Hubbardston. 
Smith, B.Sc., Frederic Jason, . . North Hadley. 
Smith, Jr., B.Sc., Philip Henry, . . South Hadley Falls. 
Thomson, B.Sc., Henry Martin, . - Monterey. 
Wiley, B.Sc., Samuel William, . . Ambherst. 

Total, ; ; : . : : ; ‘ 5) eae 


Special Students. 


Howard (Amh. Coll.), Arthur Day, . Glencoe, Ill. 
Kendall (Amh. Coll.), ne a aed Walpole. 
Total, : ; : : ‘ : 2 


i Summary. 
Graduate course : — 


For degree of M.S., : ; ‘ j : ee) 
Four-years course : — 
Graduates of 1898, : : , : : is) eal 


Senior class, . : : ; : ; Piel! 
Junior class, . ‘ ‘ , : i : er) 
Sophomore class, . 5 ; ‘ ‘ : . 40 
Freshman class, . : : , ; ‘ . o4 
Winter course, . A ; : ; ; ‘ ee 
Resident graduates, . : : : : é ee 
Special students, ; : : : : ; he 
Total, 2 : : : . : 3 : Oe 
Entered twice, . : ; : , : 4 : : 3 


Total, ° : ° : : “ ; : . Oe 
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I, General Agriculture. 


IT, Animal Husbandry. 


1. Soils and operations upon them, 1. Introduction, . s - : 1 
drainage, irrigation, etc., . - 10 2. Location and soil, . - : : 2 

2. Farm implements and machinery, 5 3. Building, . : . ° : ° 4 

3. Manures and fertilizers, . = A 10 4. Breeds of cattle,* . . . 10 

4. Crops of the farm, characteristics, 5. Breeds of horses, . ! , ; 6 
management, etc., ° : ° 10 6. Grain and fodder crops,* - * 11 

5. Crop rotation, . - : : “ 2 7. Foods and feeding,* - . ‘ 11 

6. Farm book-keeping, - ~ 5 8. Extra, * . : - : - 19 

7. Agricultural economics, . : . 11 Potelhours:; . ; : 64 

8. Farm, dairy and poultry manage- 
ment, . . ° e . . 11 

Total hours, . ‘ : - 64 
* With dairy course. 
DAIRYING. 
Tit. Lectures and Class-room Work. ITT. Lectures, etc. — Concluded. 

1. The soil and crops, - 22 8. Composition and physical pecul- 

2. The dairy breeds and cattle bieed: jarities of milk; conditions 
ing, . “ . ° pee which effect creaming, churn- 

3. Stable construction aid sanitation, ing, methods of testing and 
care of cattle, - ° ° 11 preservation, . 2 3 ° 22 

4. Common diseases of stock, hate 9. Milk testing, . 4 : ° : 6 
prevention and treatment, . ° 11 10. Butter making, . . . ° 12 

5. Foods and feeding, . c 11 11. Practice in aeration, pasteuriza- 

6. Book-keeping for the dairy ‘ate tion, . ; - = : - 6 
and butter factory, . A ° 22 =e 

7. Pasteurization and preparation of See Seo Fiera Cea Bo 
milk on physicians’ prescrip- 
tions, . 3 ° “ p ° 11 

HORTICULTURE. 
IV. Fruit Culture. V. Floriculture —Concluded. 

1. Introduction, . - . 1 5, Insects and fungi which attack 

2. Propagation of fruit iden by aaed: greenhouse plants, . ‘ : 2 
budding, grafting, forming the — 
head, digging, planting, pruning, 1 tot ei eM CA 
training, cultivation, etc., . - 28 VI. Market Gardening. 

3. Insects and fungous diseases, ‘ 3 1. futraduetion, (equipments tools, 

Total hours, . 2 : : 32 manures, fertilizers, etc., . 3 
2. Greenhouse construction and heat- 
VY. Floriculture. ing, b ‘ 3 ; : ; 6 

1. Greenhouse construction and heat- 3. Forcing vegetables under glass, . 3 
ing, - . A 5 6 4. Seed growing by the market gar- 

2. Propagation of an and dener, . : us 4 3 
other plants by seed, cuttings, 5. Special Sexthaiiroanited ne each 
grafting, etc., : - a 2 3 Crops. ; . - ° . 10 

3. Cultivation of rose, carnation, 6. Insects and fungi, with remedies, . 2 
chrysanthemum and orchids, . 12 — 

4, Propagation and care of green- Totalhours, . . . . 27 
house and bedding plants, . 10 
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Vil. Lectures on Injurious Fungi of the 


VIII. Lectures and Demonstrations on 


Farm, Garden, Greenhouse, Or- ‘* How Plants Grow.” 
chard and Vineyard. 1. Introduction,.. “> eee 1 
1. Introduction, . ° - - : 2 2. The parts of aplant, . ° A 1 
2. Nature and structure of rusts, 5 4 3. Structure of the cell and plant in 
8. Nature and structure of smuts, . 4 general, > 5 : - . 3 
4, Nature and structure of mildews, 4 4. Functions of root, stem and leaves, 3 
5. Nature and structure of rots, : 4 5. Food of plant obtained from air,. 3 
6. Beneficial fungi of roots, : 6 2 6. Food of plant obtained from soil, 3 
7. Edible mushrooms, A : 2 7. Transference and elaboration of 
. een food, . med ae “ : : 2 
POR AMEOU 21/4) fon) lea aa 8. Growth ofplants,. . . . 2 
9. Effects of light, moisture, heat 
andcold, . 6 * : ‘ 2 
10. Root tubercles on pea and clover, i: 
11. Cross fertilization of flowers, . 1 
Total hours, . - F - 22 
CHEMISTRY. 
e IX. General Agricultural Chemistry. x. Chemistry of the Dairy. 
1. Introduction, . - 2 C 2} 1. Introduction, . 5 - - 2 
2. The fourteen elements of spout: 2. The fourteen elements of amtonie 
ural chemistry, . ° ° ° 1 ural chemistry, . A - 414 
8. Rocks and soils, . 5 0 - 8 | 8. The physical properties of milk, é 13 
4. Theatmosphere, . : 5 3 7 | 4 Analysis of milk, butter, cheese 
5. The chemistry of crop-growing, . 8 and other dairy products, . oi AS 
6. Fertilizers, . . . « - 8 | 5. Chemistry of the manufacture of 
7. Animal chemistry, . 5 4 ° 8 dairy products, . z c : 13 
Total hours, . 5 : i 55 Total hours, . : : 6 55 
; ZOOLOGY. 
ATI. Animal Life on the Farm. AIT. Insect Friends and Foes of the 
Total houre, si) .- 0: am) a) vee aie ee 
Total hours, . 5 4 ; 33 
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AGRICULTURE. 


(a) The origin and formation of soils, their physical properties 
and how to improve them; (0) tillage, subsoiling, drainage and 
irrigation; (c) use of fertilizers and manures; (d) farm imple- 
ments and plans of farm buildings; (e) animal husbandry, breeds, 
stock breeding and feeding. As aids to practical instruction, 
there are models of the domestic animals; a farm of four hun- 
dred acres; a barn with one hundred head of stock, types of the 
leading breeds, and a complete dairy outfit, where the operations 
of pasteurizing milk and cream, butter making, milk testing and 
separation of cream are carried on. 


BOTANY. 


The course in botany commences with the study of the simpler 
features connected with the plant, and it is pursued in the follow- 
ing order: (a) structural botany (morphology and anatomy) ; 
(b) systematic botany and flower analysis (taxonomy and classifi- 
cation) ; (c) study of useful plants (economic botany), including 
grasses, trees, shrubs, etc.; (d) study of the function (physi- 
ology) and minute structure (histology) of a few typical plants. 
The following course is elective: (e) cryptogamic botany, with 
special reference to plant diseases (plant pathology) ; (f) physi- 
ological botany, or study of the more complicated plant functions. 

Besides the above course, there is one outlined for post-gradu- 
ate students, which, besides containing more or less general botany, 
is devoted to vegetable physiology and vegetable pathology. 

Throughout all of the courses ‘‘ laboratory methods” prevail, 
which are supplemented by lectures and text-books. For practical 
work there is a laboratory abundantly supplied with dissecting and 
compound microscopes, microtomes, histological reagents, and 
numerous appliances for illustration and investigation of the 
phenomena of plant life. 


CHEMISTRY. 


The chemical department teaches the composition, the value and 
the uses of all products of nature and of art. This study is an 
essential part of the training of the farmer, the manufacturer, the 
business man, the physician and the advanced student of any 
subject, for it deals with the ultimate character of all kinds of 
matter. 
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The special fields of study are mineral and organic, the latter 
including vegetable and animal matter. Each of these is studied 
by analysis and synthesis both qualitative and quantitative. There 
are three laboratories to suit the varying wants of the students. 


Chemical Instruction. 


Domains. | ~ Methods. 
ae ere 
Mineral. ‘ © j qualitative. 
| 
Organic feet é Die Analyte) | ocean 
animal. | ear | apa qualitative. 
es ) y : quantitative. 


ENGLISH. 


The aim of this department is to secure: (a) ability to give 
oral and written expression of thought in correct, effective Eng- 
lish; (6) ability to present in logical form oral and written argu- 
ments on questions assigned for debate; (c) acquaintance with 
the masterpieces of English literature. These are secured by 
constant practice in writing and speaking, by the study of rhetoric 
and American literature in freshman and sophomore years, and 
by the study of English literature and the principles of argumen- 
tation in junior and senior years. Instruction is given partly by 
text-book and partly by lecture. The course in rhetoric consists 
of a study of the choice of words, the theory of phraseology, spe- 
cial objects in style, the sentence, the paragraph, the whole com- 
position as regards plan, arrangement and parts. This is followed 
by a series of lectures on invention, in which the different elements 
and underlying principles of literature are discussed. ‘The work 
in American literature is carried on partly by text-book and partly 
by lecture. 

During the junior year the history of English literature is 
studied, and the class is introduced to the writings of a few of the 
principal authors. <A distinction is made between the history of 
literature and literature itself, and an attempt is made to become 
acquainted with an author through his writings. This work is 
continued through the senior year, with a more particular study of 
the principles of literary criticism as illustrated in literature. 
During the senior year the principles of argumentation also are 
studied, and their practical illustration is secured by oral debate 
and written briefs and forensics. | 
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HORTICULTURE. 


Instruction is given in: (a) fruit culture; (6) market garden- 
ing; (c) floriculture; (d) forestry. For practical work there are 
extensive, well-stocked orchards, nurseries and greenhouses, where 
the production of fruit, market-garden and greenhouse crops is 
constantly carried on. 


MATHEMATICS AND ENGINEERING. 

(a) Pure mathematics; (0) physics; (c) drawing; (d) engi- 
neering. The department is well supplied with the necessary 
instruments for surveying and engineering, and practical work in 
the field is required. A laboratory for physics has recently been 
opened, where the student can solve for himself problems in 
mechanics, electricity, light and sound. The senior engineering 
option is designed to give to the student the necessary engineering 
training to enable him to take up and apply, on the lines of land- 
scape engineering and the development of property, his knowl- 
edge of landscape gardening, agriculture, forestry, botany and 
horticulture. It embraces a course of lectures, recitations and 
field work on the following subjects: topography, railroad curves, 
earth work, construction and maintenance of roads, water works 
and sewerage systems, elementary structures, elementary mechan- 
ism, etc. 


MILITARY. 


This was established by act of Congress, and all students, un- 
less physically disabled, are required to attend its exercises. Its 
object is threefold : first, the dissemination of military knowledge 
throughout the country ; second, physical exercise and muscular 
training ; and third, to inculcate respect and obedience to those in 
authority. There are three hours’ drill per week for the whole 
college, one hour recitation for the senior class and a weekly in- 
spection of the rooms in the dormitory. 


POLITICAL SCIENCE. 


To make a good citizen and a successful man of business is the 
aim of this department. To realize this aim the course of instruc- 
tion covers: (a) principles of political economy; (0) industrial 
history of England and America; (c) discussion of economic 
problems; (d) study of the science of government. 
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VETERINARY. 


To give a general idea of the principles of veterinary science 
in such simple and comprehensive manner as to enable any person 
to give animals under his supervision the treatment that will tend 
to prevent the occurrence of disease among them, is the aim of 
the course of study in this department. (a) The hygiene of the 
stable; (6) the anatomy and physiology of the circulatory, res- 
piratory and digestive systems; (c) a study of the common 
diseased processes and the causes, symptoms and effects of dis- 
ease; (d) the nature, action and uses of different drugs. This 
study is elective. 


ZOOLOGY. 


Physiology. — This course is offered to the sophomore class dur- 
ing the winter term, and extends throughout the entire eleven 
weeks, four hours a week. It is taught by means of a text-book, 
Martin’s ‘‘'‘The Human Body” (advanced course), supplemented 
by lectures and demonstrations on the skeleton and models. The 
aim is to give, as thoroughly as may be, a knowledge of the anat- 
omy of the human system, the physiology of its various parts, a 
general idea of hygiene, and to urge upon the student the prac- 
tice of its teachings. The course presupposes an elementary 
knowledge of the subject, so that the result, aside from its own 
worth, forms a valuable aid to the study of zodlogy which follows. 

Zoology. — Zodlogy is a required subject, junior year, and may 
be divided into three parts; a laboratory course in comparative 
anatomy, a lecture course in general zodlogy and a course in 
elementary entomology. During the fall term, eight hours a week 
for sixteen weeks are spent, mainly in the laboratory, where a 
series of typical forms, ranging from the ameeba, and other micro- 
scopic animals, through the earthworm, clam, squid, lobster, star- 
fish, sea-urchin, shark, frog and pigeon to the cat, are dissected, 
studied and drawn. Previous to the dissection of any form a 
short lecture is given, which, supplemented by a full list of labora- 
tory guides and other text-books, gives the student a sufficient 
knowledge to enable him intelligently to study the creature before 
him. Each man provides himself with a set of dissecting instru- 
ments and note books, but all other apparatus and books are 
owned by the laboratory. During the winter term a series of 
thirty lectures is given, covering the entire subject of zodlogy, 
except that portion having reference to the insects, which, because 
of their importance, are treated in a separate science. ‘The aim 
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here is to supplement and render orderly the knowledge already 
gained through the medium of the microscope and scalpel, and the 
lectures are abundantly illustrated by the very complete museum 
belonging to the department and containing over twelve thousand 
specimens. Collateral reading is encouraged, and occasional 
quizzes are given, as a test of a student’s knowledge from all 
sources. 

Entomology. — A course of six hours a week is offered in ento- 
mology, during the summer term, its aim being to give a general 
knowledge of insect anatomy and physiology and a systematic 
review of the entire group, taking as types, as far as possible, 
those forms of economic interest to man, and at the same time 
giving an idea of the life history of each species so taken and the 
means of combating it. A knowledge of insecticides and insecti- 
cide machinery and their use is given. An interesting feature of 
the course is the collection which each student makes and arranges 
of the more common species which may be found on the college 
grounds and the nearby region. A very full museum collection 
Serves as an aid to identification and arrangement. 


GRADUATE COURSE. 


1. Honorary degrees will not be conferred. 

2. Applicants will not be eligible to the degree of M.S. until 
they have received the degree of B.Sc. or its equivalent. 

3. The faculty shall offer a course of study in each of the 
following subjects: mathematics and physics ; chemistry ; agricult- 
ure; botany; horticulture; entomology; veterinary. Upon the 
satisfactory completion of any two of these the applicant shall 
receive the degree of M.S. ‘This prescribed work may be done at 
the Massachusetts Agricultural College or at any institution which 
the applicant may choose; but in either case the degree shall be 
conferred only after the applicant has passed an examination at 
the college under such rules and regulations as may be prescribed. 

4. The degree of Doctor of Philosophy may be conferred upon 
graduates of this college or other colleges of good standing who 
shall spend three years at this institution, taking chemistry, bot- 
any and entomology as their major and minor studies, if in this 
time the amount and quality of work done be satisfactory to the 
professors in charge of the above-named departments. 

5. Every student in the graduate course shall pay twenty-five 
dollars to the treasurer of the college before receiving the degree 
of M.S. or Ph.D. 
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TEXT-BOOKS. 


Gray —“ Manual.” American Book Company, New York. 

DARWIN and Acton —“ Practical Physiology of Plants.” University 
Press, Cambridge. bikachiee 

STRASBURGER — “ Practical Botany.” Swan, Sonnenschein & Co., 
London. | 

SORAUER —“ Physiology of Plants.” Longmans, Green & Co., New 
York and London, 

CAMPBELL —“ Structural and Systematic Botany.” Ginn & Co., 
Boston. 

KNOBEL— “ Trees and Shrubs of New England.” Bradlee Whidden, 
Boston. 

GREINER — “ How to. make the Garden Pay.” Wm. Maule, Phila- 
delphia. 

Lone — “ Ornamental Gardening for Americans.” Orange Judd Com- 
pany, New York. 

Tarr —‘“ Greenhouse Construction.” Orange Judd Company, New 
York. 

Tarr— “Greenhouse Management.” Orange Judd Company, New 
York. 
WEED —‘“ Insects and Insecticides.” Orange Judd Company, New 
York. , 

WEED —“ Fungi and Fungicides.” Orange Judd Company, New 
York. : 

FULLER —“ Practical Forestry.” Orange Judd Company, New York. 

MAYNARD — “ Practical Fruit Grower.” Orange Judd Company, New 
York. 3 

McALPINE—‘“ How to know Grasses by their Leaves.” David 
Douglas, Edinburgh. 

LopEMAN — “ The Spraying of Crops.” Macmillan & Co., New York. 

SAUNDERS — “ Insects injurious to Fruits.” Lippincott & Co., Phila- 
delphia. 

Morrow and Hunt—“ Soils and Crops.” Howard & Wilson Pub- 
lishing Company. ) 

AIKMAN —“ Manures and the Principles of Manuring.” Wm. Black- 
wood & Son, Edinburgh. . 

MirLEs — “Stock Breeding.” D. Appleton & Co., New York. 

Curtis —“ Horses, Cattle, Sheep and Swine.” Orange Judd Com- 
pany, New York. 
_ Farrineton and WoxLi — “ Testing Milk and its Products.” Mendota 

Book Company, Madison, Wis. 

Henry — “ Feeds and Feeding.” W. A. Henry, Madison, Wis. 

WinG — *“ Milk and its Products.” Macmillan & Co., New York. 

Von RicutEeR — “ A Text-book of Inorganic Chemistry.” P. Blakis- 
ton, Son & Co., Philadelphia. 

MutTer —“ Analytical Chemistry.” P. Blakiston, Son & Co., Phila- 
del phia. 
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Roscor— ‘Lessons in Elementary Chemistry.” Macmillan & Co., 
New York. 

BERNTHSEN and McGowan—“ Text-book of Organic Chemistry.” 
Blackie & Son, London. 

REYNOLDS — “ Experimental Chemistry.” Longmans, Green & Co., 
New York and London. ; 

Sutton — “ Volumetric Analysis.” J. & A. Churchill, London. 

Dana —“ Manual of Determinative Mineralogy.” John Wiley & 
Sons, New York. 

Dana —“ A Text-book of Elementary Mechanics for the Use of Col- 
leges and Schools.” John Wiley & Sons, New York. 

GAGE —‘“ The Principles of Physics.” Ginn & Co., Boston. 

FAUNCE— “ Mechanical Drawing.” Linus Faunce, Boston. 

WELLs — “College Algebra.” Leach, Shewell & Sanborn, Boston. 

MESERVEY — “ Meservey’s Book-keeping, Single and Double Entry.” 
Thompson, Brown & Co., Boston. 

WELLs — “ Essentials of Trigonometry.” Leach, Shewell & Sanborn, 
Boston. 

GILLESPIE —‘“ A Manual of the Principles and Practice of Road 
Making.” A.S. Barnes & Co., New York. 

MERRIMAN—‘“A Treatise on Hydraulics.” John Wiley & Sons, 
New York. 

MILLER — “ A Treatise on Plane and Spherical Trigonometry.” Leach, 
Shewell & Sanborn, Boston. 

RAYMOND — “A Text-book on Plane Surveying.” American Book 
Company, New York. 

WENTWORTH — “Elements of Analytic Geometry.” Ginn & Co., 
Boston. 

OsBORNE —“ An Elementary Treatise on the Differential and Integral 
Caleulus.” Leach, Shewell & Sanborn, Boston. 

MERRIMAN— “A Text-book on Roofs and Bridges.” John Wiley & 
Sons, New York. 

Youne — “ A Text-book of General Astronomy.” Ginn & Co., Boston. 

PHILIPs and FisHeR — “ Elements of Geometry.” Harper & Brothers, 
New York. 

MERRIMAN —“ Elements of Sanitary Engineering.” John Wiley & 
Sons, New York. 

Martin —“ The Human Body” (advanced course). Henry Holt & 
Co., New York. 

WALKER —“ Political Economy” (briefer course). Henry Holt & 
Co., New York. 

GipBINs — “The Industrial History of England.” Methuen & Co., 
London, 

WILSON — “ The State.” D.C. Heath & Co., Boston. 

FIELDEN—“ A Short Constitutional History of England.” Ginn & 
Co., Boston. 

GENUNG —“ Outlines of Rhetoric.” Ginn & Co., Boston. 

WENTWORTH —-“ Irving’s Sketch Book.” Allyn & Bacon, Boston. 

LONGFELLOW — “ Poems.” Houghton, Mifflin & Co., Boston. 


36 AGRICULTURAL COLLEGE. [ Jan. 
a 

PATTEE—“ A History of American Literature.” Silver, Burdett & 
Co., Boston. 

Pancoast —‘ Representative English Literature.” Henry Holt & 
Co., New York. 

Corson —“ Selections from Chaucer’s Canterbury Tales.” The Mac- 
millan. Company, New York. | 

ROLFE— “ English Classics.” “Harper & Brothers, New York. 

“Standard English Classics.” Ginn & Co., Boston. 

MACEWAN —“ Essentials of Argumentation.” D. C. Heath & Co., 
Boston. 

WHITNEY —“ French Grammar.” Henry Holt & Co., New York. | 

HopGeEs.— “ Course in Scientific German.” D.C. Heath & Co., Boston. 

J OYNES-MEISSNER —‘“‘German Grammar.” D. C. Heath & Co,, 
Boston. 

Pettit —“‘ Elements of Military Science.” The Tuttle, Morehouse 
& Taylor Press, New Haven, Conn. 

“Infantry Drill Regulations.” Army and Navy Journal, New York. 


To give not only a practical but a liberal education is the aim in 
each department, and the several courses have been so arranged as 
to best subserve that end. Exercises in composition and declama- 
tion are held throughout the course. The instruction in agriculture 
and horticulture is both theoretical and practical, the lessons of 
the recitation room being practically enforced in the garden and 
field. Students are allowed to work for wages during such leisure 
hours as are at their disposal. Under the act by which the college 
was founded, instruction in military tactics is imperative, and each 
student, unless physically debarred,* is required to attend such 
exercises as are prescribed, under the direction of a regular army 
officer stationed at the college. 


Fa 


FOUR-YEARS COURSE. 


ADMISSION. 


Candidates for admission to the freshman class will be examined 
orally and in writing upon the following subjects: English gram- 
mar, geography, United States history, physiology (Martin’s ‘‘ The 
Human Body,” briefer course), physical geography (Guyot’s 
‘¢ Physical Geography” or its equivalent), arithmetic, the metric 
system, algebra (through quadratics), geometry (two books) and 
civil government (Mowry’s ‘‘ Studies in Civil Government”’). 
The standard required is 65 per cent. on each paper. Examina- 
tions in the following subjects may be taken a year before the 


* Certificates of disability must be procured of Dr. Herbert B. Perry of Amherst. 
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candidate expects to enter college: English grammar, geography, 
United States history, physical geography and physiology. Satis- 
factory examination in a substantial part of the subjects offered 
will be required, that the applicant may have credit for this pre- 
liminary examination. 

Candidates for higher standing are examined as above, and also 
in the studies gone over by the class to which they desire admis- 
sion. 

No one can be admitted to the college until he is sixteen years 
of age. The regular examinations for admission are held at the 
Botanic Museum, at 9 o’clock a.m., on Thursday and Friday, 
June 22 and 23, and on Tuesday and Wednesday, September 5 
and 6; but candidates may be examined and admitted at any other 
time in the year. For the accommodation of those living in the 
eastern part of the State, examinations will also be held at 9 o’clock 
A.M., on Thursday and Friday, June 22 and 23, at Jacob Sleeper 
Hall, Boston University, 12 Somerset Street, Boston ; and for the 
accommodation of those in the western part of the State, at the 
same date and time, at. the Sedgwick Institute, Great Barrington, 
by James Bird. Two full days are required for examination, and 
candidates must come prepared to stay that length of time. 


WINTER COURSES. 


For these short winter courses examinations are not required. 
They commence the first Wednesday in January and end the third 
Wednesday in March. Candidates must be at least sixteen years 
of age. The doors of the college are opened to applicants from 
both sexes. ‘The same privileges in regard to room and board will 
obtain as with other students. Attendance upon general exercises 
is required. ‘The usual fees for apparatus and material used in 
laboratory work will be required. Attendance upon military drill 
is not expected. 


ENTRANCE EXAMINATION PAPERS USED IN 1898. 


The standard required is 65 per cent. on each paper. 


ARITHMETIC AND Metric System. 


1. Find the greatest common divisor of 72, 126, 216. 
2. Find the least common multiple of 21, 30, 44, 126. 


62 42 
3. From 916 take 71 
25 2 


4. Divide .09936 by .276. 
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5. What is the interest on $1,560 for 45 days, at 7 per cent. ? 
(Use 365 days to the year.) 

6. What was the cost of wheat, sold at $1.50 per bushel, if 
the gain was 25 per cent. of the cost? — 

7. Ina board 6m. long and .38m. wide, how many square deci- 
meters ? 

8. <A platform sustains a weight of 50 lbs. per square foot. 
What is the weight in grams per square centimeter? 


ALGEBRA. 
1. Find the greatest common divisor and the least common 
multiple of 12a?-++- 29%-++-14 and 182? — 3a — 10. 


wat 


2. Reduce to lowest terms ~ 


3. Prove that a° =1; and also express with positive exponents 


(=) -% 


4 aes Eas, 
4, W72e+-11 = 5. Solve for x. 


N/A aN) PN | 
SSS ——— =? ® ° : *: 
SG n/9 ma | Express result with rational de 
nominator. 
ao? + y® = 407 
6. ; gt ia : . Solve for x and y. 
GEOMETRY. 


1. Define a plane, a proposition, a corollary, a circle, a seg- 
ment. 

2. Prove that two triangles are equal when three sides Bs one 
equal three sides of the other. 

3. Prove that in any triangle the greater ae lies opposite the 
greater side. 

4. Prove that the angle between a tangent and a chord is meas- 
ured by one-half the intercepted arc. 

5. Construct a tangent to a circle from a given point without 
the circle. Explain construction fully. 


Unitep States History. 
1. In the early settlement of North America, what parts were 
played by the following nations: (a) Spain, (0) France, (c) Eng- 
land? : 
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2. Contrast the colony of Virginia with that of Massachusetts, 
according to the following outline : — 

(a) Purpose of settlement of each. 

(6) Class of people in each. 

(c) Education and religion in each. 

3. Name the wars that have been fought by the United States, 
and describe any one of them. 

4. Name four great orators in our history, and write briefly 
upon any one of them. 

5. The chief events of the following administrations: (a) 
Washington’s, (0) Madison’s, (c) Jackson’s, (d) Polk’s, (e) Lin- 
coln’s, (f) Johnson’s, (g) Cleveland’s second. 

6. What part has compromise played in our history? 


GEOGRAPHY. 
1. Name and describe briefly the continents. 
Note — Do not include Australia in answering. 


2. Name and describe two rivers in each continent. 
3. (a) Describe the British Isles. 
(6) Name the principal British possessions in the world. 

4. Describe any journey round the world, not entirely by 
water. 

5. Locate ten large cities of the United States. 

6. Contrast North America with South America with respect 
to the classes of people living in each. 

7. Locate: (a) Budapest, (0) Bagdad, (c) Bermudas, (d) 
Jamaica, (e) Berlin, (f) Munich, (g) Geneva, (hk) Montevideo, 
(7) Manila, (j) Rotterdam. 


PuHysicaL GEOGRAPHY. 

1. What is the earth? What is its general shape? By what 
is it surrounded? 

2. Define an earthquake. Tell of the distribution of earth- 
quakes. 

3. Give the relative areas and positions of the great land 
masses of the globe. 

4. Whatis a plateau? What is a mountain by folding? Give 
example. What is a mountain by fracture? Give example. 

5. How may islands be classified? Describe each sort. 

6. Define climate, astronomical climate and physical climate. 

7. What is atornado? What is a water-spout? 

8. What are glaciers? How are they formed? Tell of their 
geographical distribution. 
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9. State what you know of the vegetation of different latitudes. 
10. Tell of the geographical cietepaton of the different races 
of man. 


Civ1 GOVERNMENT. 


1. Write the name of the town or city in which you live. If 
you live in a town, answer the following : — 

(a) Who make the laws for your town? 

(6) What is the title of the principal executive officer or onions 
of your town? 

(c) What are the principal items of your town’s expenses? 
How is Mr. Brown’s share of these expenses determined ? 

If you live in a city, write a full description of its government, 
naming especially the title of its chief executive officer and of 
other prominent officials. . . 

2. Name the county in which you live, and give the title of 
your principal county officials. 

3. Who make the laws for the government of the State in 
which you. live? By whom are these law-makers chosen ? How 
long do they hold office ? 

4. In what year was the Constitution of the United States 
framed? In what year did it go into effect? Who was the first 
President, and where was he inaugurated ? 

5. What is the Congress of the United States? Of how many 
bodies does it consist? How many men represent Massachusetts 
in these bodies ? : 

6. Of how many members does the United States Senate. now 
consist? Who is its presiding officer? Name the United States 
senators from Massachusetts. 

7. For how long a time is the President of the United States 
chosen? What is the President’s Cabinet? Give title and name 
of the members of President McKinley’s Cabinet. 

8. Do you regard our form of government as superior to that 
of Great Britain? If you do, give reasons. 


PHYSIOLOGY. 

1. How many elements are found in the body? Name the 
four or five most important. 

2. Name and describe the four different sorts of joints con- 
necting the bones. 

3. Give a full anatomical description of a muscle, such as the 
biceps muscle of the arm. Describe its physiological action and 
the effect it produces. 

4. Why is the human body warm? What keeps it so? 
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5. Define the terms digestion, absorption, assimilation, respi- 
ration, circulation and excretion. 

6. There are several uses of saliva which may be classed as 
physical and chemical. Describe them, telling under which head 
each one falls. é 

7. What are the kidneys? Locate them, and give their func- 
tion. 

8. What is meant by reflex action? 

9. How is voice produced? Describe the vocal apparatus. 

10. Name the more harmful stimulants and narcotics, giving 
your reasons for condemning each of them. 


ENGLISH GRAMMAR AND COMPOSITION. 
Nore. — Spelling, capitalization, and punctuation will be considered in deter- 
mining the excellence of your paper. 
1. Write three compositions, of at least two hundred words 
each, upon any three of the following subjects : — 


(a) The War with Spain. (f) Value of Good Reading. 
(b) The Battle in the Philippines. (g) ‘‘ Evangeline.” 

(c) Henry W. Longfellow. (h) Why I come to College. 
(d) ** Robinson Crusoe.” (¢) A Sunset Scene. 

(e) A Day’s Outing. (7) An Act of Heroism. 


2. Name, define, and give examples of the various kinds of 
sentences from the grammatical point of view. 

3. Correct the following, stating reasons : — 

(a) John or his brothers are living on the outskirts of the town. 

(6) The colonel with his staff officers ride up to headquarters. 

(c) Any one looking for swell suits can get in this store just 
what he wants to. 

(d) When the emperor entered the room, he was much sur- 
prised; and many new pieces of furniture were seen. 

(e) They said he ought to go; and I also said he had. 


DEGREES. 


Those who complete the four-years course receive the degree of 
Bachelor of Science, the diploma being signed by the governor of 
Massachusetts, who is the president of the corporation. 

Regular students of the college may also, on application, become 
members of Boston University, and upon graduation receive its 
diploma in addition to that of the college, thereby becoming en- 
titled to all the privileges of its alumni. 

Those completing the prescribed graduate course receive the 
degree of Master of Science or Doctor of Philosophy. 
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EXPENSES. 

Tuition in advance : — =) 
Fall term, ; : : . ; ; . $30 00 
Winter term, ‘ : : : : ; 25 00 
Summer term, é ‘ : ; : a 25 00 

2 $80 00 $80 00 
Room rent, in advance, $8 to $16 per term, . : . 2400 46°00 
Board, $2.50 to $5 per week,. 62... 9) 4 9 295 0000T Samat 
Fuel, $5 to $15, ; : ‘ s ; , : ‘ 500 15 00 
Washing, 30 to 60 cents per week, ‘ : , . 11 40 5 2280 
Military suit, . : : . : : : . 1d-75 oars 

Expenses per year, . : . : : : - $231 15 $371 55 


Board in clubs has been about $2.45 per week; in private fami- 
lies, $4 to $5. The military suit must be obtained immediately 
upon entrance at college, and used in the drill exercises prescribed. 
The following fees will be charged for the maintenance of the 
several laboratories: chemical, $10 per term used; zodlogical, $4 
per term used; botanical, $1 per term used by sophomore class, 
$2 per term used by senior class; entomological, $2 per term 
used. Some expense will also be incurred for lights and text- 
books. Students whose homes are within the State of Massachu- 
setts can in most cases obtain a scholarship by applying to the 
senator of the district in which they live. 


THE LABOR FUND. 


The object of this fund is to assist those students who are 
dependent either wholly or in part on their own exertions, by fur- 
nishing them work in the several departments of the college. The 
greatest opportunity for such work is found in the agricultural and 
horticultural departments. Application should be made to Profs. 
William P. Brooks and Samuel T. Maynard, respectively in charge 
of said departments. Students desiring to avail themselves of its 
benefits must bring a certificate signed by one of the selectmen of 
the town in which they are resident, certifying to the fact that they 
require aid. 


ROOMS. 


All students, except those living with parents or guardians, will 
be required to occupy rooms in the college dormitories. 

For the information of those desiring to carpet their rooms, the 
following measurements are given: in the new south dormitory the 


1899.] PUBLIC DOCUMENT — No. 31. 43 


study rooms are about fifteen by fourteen feet, with a recess seven 
feet four inches by three feet; and the bedrooms are eleven feet 
two inches by eight feet five inches. This building is heated by 
steam. In the north dormitory the corner rooms are fourteen by 
fifteen feet, and the annexed bedrooms eight by ten feet. The 
inside rooms are thirteen and one-half by fourteen and one-half 
feet, and the bedrooms eight by eight feet. A coal stove is fur- 
nished with each room. Aside from this, all rooms are unfur- 
nished. Mr. Thomas Canavan has the general superintendence of 
the dormitories, and all correspondence relative to the engaging of 
rooms should be with him. 


SCHOLARSHIPS. 


ESTABLISHED BY PRIVATE INDIVIDUALS. 


Mary Robinson Fund of one thousand dollars, the bequest of 
Miss Mary Robinson of Medfield. 

Whiting Street Fund of one thousand dollars, the bequest of 
Whiting Street, Esq., of Northampton. 

Henry Gassett Fund of one thousand dollars, the bequest of 
Henry Gassett, Esq., of North Weymouth. 

The income of the above funds is assigned by the faculty to 
worthy students requiring aid. 


CONGRESSIONAL SCHOLARSHIPS. 


The trustees voted in January, 1878, to establish one free 
scholarship for each of the congressional districts of the State. 
Application for such scholarships should be made to the repre- 
sentative from the district to which the applicant belongs. The 
selection for these scholarships will be determined as each member 
of Congress may prefer; but, where several applications are sent 
in from the same district, a competitive examination would seem 
to be desirable. Applicants should be good scholars, of vigorous 
constitution, and should enter college with the intention of remain- 
ing through the course. 


STaTE SCHOLARSHIPS. 


The Legislature of 1883 passed the following resolve in favor 
of the Massachusetts Agricultural College : — 


Resolved, That there shall be paid annually, for the term of four years, 
from the treasury of the Commonwealth to the treasurer of the Massa- 
chusetts Agricultural College, the sum of ten thousand dollars, to enable 
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the trustees of said college to provide for the students of said institution 
the theoretical and practical education required by its charter and the 
law of the United States relating thereto. 

Resolved, ‘That annually, for the term of four years eighty free scholar- 
ships be and hereby are established at the Massachusetts Agricultural 
College, the same to be given by appointment to persons in this Com- 
monwealth, after a competitive examination, under rules prescribed by 
the president of the college, at such time and place as the senator then 
in office from each district shall designate; and the said scholarships 
shall be assigned equally to each senatorial district. But, if there shall 
be less than two successful applicants for scholarships from any sena- 
torial district, such scholarships may be distributed by the president of 
the college equally among the other districts, as nearly as possible; but 
no applicant shall be entitled to a scholarship unless he shall pass an 
examination in accordance with the rules to be established as herein- 
before provided. 


The Legislature of 1886 passed the following resolve, making 
perpetual the scholarships established : — 


Resolved, That annually the scholarships established by chapter forty- 
six of the resolves of the year eighteen hundred and eighty-three be 
given and continued in accordance with the provisions of said chapter. 


In accordance with these resolves, any one desiring admission to 
the college can apply to the senator of his district for a scholar- 
ship. Blank forms of application will be furnished by the presi- 
dent. 


EQUIPMENT. 


AGRICULTURAL DEPARTMENT. 


The Farm. — Among the various means through which instruc- 
tion in agriculture is given, none exceeds in importance the farm. 
The part which is directly under the charge of the professor of 
agriculture comprises about one hundred and sixty acres of im- 
proved land, forty acres of pasture and sixteen acres of woodland. 
Of the improved land, about thirty acres are kept permanently in 
orass. : 

The rest of the farm is managed under a system of rotation, all 
parts being alternately in grass and hoed crops. All the ordinary 
crops of this section are grown, and many not usually seen upon 
Massachusetts farms find a place here. Our large stock of milch 
cows is fed largely in the barn, and hence fodder crops occupy a 
prominent place. Experiments of various kinds are continually 
under trial; and every plat is staked, and bears a label stating 
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variety under cultivation, date of planting, and manures and fer- 
tilizers used. 

Methods of land improvement are constantly illustrated here, 
tile drainage especially receiving a large share of attention. There 
are now some nine miles of tile drains in successful and very sat- 
isfactory operation upon the farm. Methods of clearing land of 
stumps are also illustrated, a large amount of such work having 
been carried on during the last few years. 

In all the work of the farm the students are freely employed, 
and classes are frequently taken into the fields ; and to the lessons 
to be derived from these fields the students are constantly referred. 

The Barn and Stock. — Our commodious barns contain a large 
stock of milch cows, many of which are grades; but the following 
pure breeds are represented by good animals, viz., Holstein- 
Friesian, Ayrshire, Jersey, Guernsey and Shorthorn. Experiments 
in feeding for milk and butter are continually in progress. We 
have a fine flock of Southdown sheep. Swine are represented by 
the Chester White, Poland China, Berkshire and Tamworth breeds. 
Besides work horses, we have a number of pure-bred Percherons, 
used for breeding as well as for work; and a fine pair of French 
coach horses. 

The barn is a model of convenience and labor-saving arrange- 
‘ments. It illustrates different methods of fastening animals, 
various styles of mangers, watering devices, etc. Connected with 
it are commodious storage rooms for vehicles and machines. It 
contains silos and a granary. A very large share of the work is 
performed by students, and whenever points require illustration, 
classes are taken to it for that purpose. 

Dairy School. — Connecting with the barn is a wing providing 
accommodation for practical and educational work in dairying. 
The wing contains one room for heavy dairy machinery, another 
for lighter machinery, both large enough to accommodate various 
styles of all prominent machines; a large ice-house, a cold-storage 
room and a room for raising cream by gravity methods, a class 
room and a laboratory. The power used is an electric motor. 
This department is steam heated and piped for hot and cold water 
and steam. In this department has been placed a full line of 
modern dairy machinery, so that we are able to illustrate all the 
various processes connected with the creaming of milk, its prepara- 
tion for market and the manufacture of butter. Special instruc- 
tion in such work is offered in the dairy course. 

Equipment of Farm.— Aside from machines and implements 
generally found upon farms, the more important of those used 
upon our farm and in our barn which it seems desirable to men- 
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tion are the following: reversible sulky plough, broadcast fertil- 
izer distributer, manure spreader, grain drill, horse corn planter, 
potato planter, wheelbarrow grass seeder, hay loader, potato digger 
and fodder cutter and crusher. It is our aim to try all novelties 
as they come out, and to illustrate everywhere the latest and best 
methods of doing farm work. 

Lecture Room. — The agricultural lecture room in south college 
is well adapted to its uses. It is provided with numerous charts 
and lantern slides, illustrating the subjects taught. Connected 
with it is a small room at present used for the storage of illus- 
trative material, which comprises soils in great variety, all impor- 
tant fertilizers and fertilizer materials, implements used in the 
agriculture of our own and other countries, and a collection of 
grasses and forage plants, grains, etc. 

A valuable addition to our resources consists of a full series 
of Landsberg’s models of animals. These are accurate models of 
selected animals of all the leading breeds of cattle, horses, sheep 
and swine, from one-sixth to full size, according to subject. We 
are provided with a complete collection of seeds of all our common 
grasses and the weeds which grow in mowings, and have also 
a large collection of the concentrated food stuffs. All these are 
continually used in illustration of subjects studied. 

Museum.— A beginning has been made towards accumulating 
materials for an agricultural museum. This is to contain the 
rocks from which soils have been derived, soils, fertilizer materials 
and manufactured fertilizers, seeds, plants and their products, 
stuffed animals, machines and implements. It is expected to 
make this collection of historical importance by including in it old 
types of machines and implements, earlier forms of breeds, etc. 
For lack of room the material thus far accumulated is stored in a 
number of scattered localities, and much of it where it cannot be 
satisfactorily exhibited. 


BOTANICAL DEPARTMENT. 


Course of Study. — This department is well equipped to give a 
comprehensive course in most of the subjects of botany. The 
course aims to treat of all the more important features connected 
with the study of plants which have a close bearing upon agri- 
culture, without at the same time deviating from a systematic and 
logical plan. Throughout the entire course the objective methods 
of teaching are followed, and the student is constantly furnished 
with an abundance of plant material for practical study, together 
with an elaborate series of preserved specimens for illustration 
and comparison. In the freshman year the study of structural 
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and systematic botany is pursued, with some observation on insect 
fertilization. This is followed in the first term of the sophomore 
year by the systematic study of grasses, trees and shrubs, and this 
during the winter term by an investigation into the microscopic 
structure of the plant. The senior year is given up entirely to 
cryptogamic and physiological botany. This includes a study of 
our common plant diseases, and the simple functions of the plant 
which it is essential for the agriculturist to become familiar with. 

The Botanical Museum contains the Knowlton herbarium, of 
over ten thousand species of phanerogamous and the ‘higher 
cryptogamous plants; about five thousand species of fungi, and 
several collections of lichens and mosses, including those of Tuck- 
erman, Frost, Denslow, Cummings, Miller and Schaerer. It also 
contains a large collection of native woods, cut so as to show their 
individual structure ; numerous models of native fruits ; specimens 
of abnormal and peculiar forms of stems, fruits, vegetables, ete. ; 
many interesting specimens of unnatural growths of trees and 
plants, natural grafts, etc.; together with models for illustrating 
the growth and structure of plants, and including a model of the 
squash which raised by the expansive force of its growing cells 
the enormous weight of five thousand pounds. 

The Botanical Lecture Room, in the same building, is provided 
with diagrams and charts of over three thousand figures, illustrat- 
ing structural, systematic and physiological botany. 

The Botanical Laboratory has provision for thirty-four students 
to work at one time. Each student is provided with a locker, 
wherein he can dispose of his equipment necessary for study. 
The laboratory is equipped with Leitz’, Reichert’s, Bausch and 
Lomb’s, Beck’s, Queen’s and Tolles’ compound microscopes, with 
objectives varying from four inch to one-fifteenth inch focal length, 
and also with twenty dissecting microscopes to assist in the study 
of structural and systematic botany. It also contains four induc- 
tion coils, including a Du Bois-Reymond induction apparatus and 
rheocord, a Lippmann capillary electrometer, a galvanometer, and 
various other forms of electrical appliances especially devised for 
studying the influence of electricity upon the growth of plants. 
There are also Thoma, Minot and Beck microtomes, a self-regis- 
tering thermometer and hygrometer, a Wortmann improved clin- 
ostat and also one of special construction, an Arthur centrifugal 
apparatus with electric motor, various forms of self-registering 
appliances for registering the growth of plants, including a Pfeffer- 
Baranetsky electrical self-registering auxanometer, a Sach’s arc- 
auxanometer, a horizontal reading microscope (Pfeffer model), 
various kinds of dynamometers of special construction, respiration 
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appliances, mercurial sap and vacuum gauges, manometers, gas 
and exhaust chambers, besides various other appliances’ for work 
and demonstration in plant physiology. The laboratory is also 
provided with an Eastman landscape camera, a Bausch and Lomb 
micro-photographic camera, and a dark closet equipped for photo- 
graphic and other kinds of work. 


HORTICULTURAL DEPARTMENT. 


Greenhouses. —To aid in the instruction in botany, as well as 
in floriculture and market gardening, the glass structures contain 
a large collection of plants of a botanic and economic value, as 
well as those grown for commercial purposes. They consist of 
two large octagons, forty by forty feet, with sides twelve feet 
high and a central portion over twenty feet high, for the growth 
of large specimens, like palms, tree ferns, the bamboo, banana, 
guava, Olive, etc.; a moist stove twenty-five feet square; a dry 
stove of the same dimensions ; a rose room, twenty-five by twenty 
feet; a room for aquatic plants, twenty by twenty-five feet; a 
room for ferns, mosses and orchids, eighteen by thirty feet: a 
large propogating house, fifty by twenty-four feet, fitted up with 
benches sufficient in number to accommodate fifty students at work 
at one time; a vegetable house, forty-two by thirty-two feet; a 
large propagating house, thirty-six by seventy-five feet, for the 
growing of carnations, violets and bedding plants; a cold grapery, 
eighteen by twenty-five feet. To these glass structures are at- 
tached three work rooms, equipped with all kinds of tools for 
greenhouse work. In building these houses as many as possible 
of the prineiples of construction, heating, ventilation, etc., have 
been incorporated for the purposes of instruction. 

Orchards. —These are extensive, and contain nearly all the 
valuable leading varieties, both old and new, of the large fruits, 
growing under various conditions of soil and exposure. 

Small Fruits. — The small-fruit plantations contain a large num- 
ber of varieties of each kind, especially the new and promising 
ones, which are compared with older sorts, in plots andj,in field 
culture. Methods of planting, pruning, training, cultivation, study 
of varieties, gathering, packing and shipping fruit, etc., are taught 
by field exercises, the students doing a large part of the work of 
the department. 

Nursery. — This contains more than five thousand trees, shrubs 
and vines in various stages of growth, where the different methods 
of propagation by cuttings, layers, budding, grafting, pruning 
and training are practically taught to the students. 
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Garden. — All kinds of garden and farm-garden crops are grown 
in this department, furnishing ample illustration of the treatment 
of market-garden crops. The income from the sales of trees, 
plants, flowers, fruit and vegetables aids materially in the support 
of the department, and furnishes illustrations of the methods of 
business, with which all students are expected to become familiar. 

Forestry. — Many kinds of trees suitable for forest planting are 
grown in the nursery, and plantations have been made upon the 
college grounds and upon private estates in the vicinity, affording 
good examples of this most important subject. A large forest 
grove is connected with this department, where the methods of 
pruning trees and the management and preservation of forests can 
be illustrated. In the museum and lecture room are collections of 
native woods, showing their natural condition and peculiarities ; 
and there have been lately added the prepared wood sections of 
R. B. Hough, mounted on cards for class-room illustration. 

Ornamental trees, shrubs and flowering plants are grouped about 
the grounds in such a way as to afford as much instruction as pos- 
sible in the art of landscape gardening. All these, as well as the 
varieties of large and small fruits, are marked with conspicuous 
labels, giving their common and Latin names, for the benefit of 
the students and the public. 

Tool House. — A tool house, thirty by eighty feet, has been 
constructed, containing a general store-room for keeping small 
tools ; a repair shop with forge, anvil and work-bench; and a car- 
penter shop equipped with a large Sloyd bench and full set of 
tools. Under one-half of this building is a cellar for storing fruit 
and vegetables. In the loft is a chamber, thirty by eighty feet, 
for keeping hot-bed sashes, shutters, mats, berry crates, baskets 
and other materials when not in use. 

Connected with the stable is a cold-storage room, with an ice- 
chamber over it, for preserving fruit, while the main cellar under- 
neath the stable is devoted to the keeping of vegetables. 

All the low land south of the greenhouses has been thoroughly 
underdrained and put into condition for the production of any 
garden or small fruit crop. 


DEPARTMENT OF ZOOLOGY. 


The work in this department begins in the winter term of the 
sophomore year with human anatomy and physiology, the study of 
which not only serves as an introduction to zodlogy and the veter- 
inary science, but also gives the student a knowledge of the struct- 
ure and uses of the different organs of the human body and of 
the laws of health. In the fall and winter terms the members of 
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the junior class take zodlogy, which is tanght by means of lectures 
and laboratory work. In the laboratory each student is required 
to dissect and study a series of typical animals, making drawings 
of the various organs. During the spring term of this year a 
course of lectures is given on insects in general, their classification 
and habits and the various methods of destroying those that are 
injurious, and more or less time in this connection is devoted to 
laboratory and field work. 

There is a most excellent and carefully arranged museum con- 
nected with this department, in which are exhibited, as far as 
possible, all the native animals of this Commonwealth, together 
with such species from other parts of the world as are necessary 
to give completeness or for the instruction of the students. This 
museum furnishes specimens for illustration in the lectures before 
the classes, and also for general information to visitors as well as 
members of the college. 

During the senior year such members of this class as elect 
advanced entomology take a course of more technical lectures, 
in which the following subjects relating to insects are considered 
quite at length: external and internal anatomy, embryology, trans- 
formations, duration of life, luminosity of insects, the color of 
insects, parasitic insects, diseases of insects, number of insects 
in existence, geographical and geological distribution of insects, 
insect architecture, fertilization of plants by insects, economic 
entomology, bee-keeping and the literature of insects. The labo- 
ratory work of this year consists in part of dissections of the 
caterpillar, pupa and imago stages of insects, and a critical study 
of the external anatomy of species of each of the orders of 
insects, followed by the exercise of determining a group of insects 
in each order; and, finally, each student is required to prepare a 
thesis on some insect or group of insects pertaining to the business 
in which he intends to engage. He is asked at the beginning of 
the year what business he intends to follow after graduation, and 
is then advised to prepare his thesis on those insects with which 
he will most have to deal in the business he has selected. In the 
preparation of this thesis the work is carried on in the most ap- 
proved methods, so that he may obtain the most scientific and at 
the same time practical knowledge of the subject; in fact, he is 
taught such methods of investigation that, if new insect pests 
appear on his crops, he’ will know how to properly investigate 
them and discover the best and cheapest methods for their destruc- 
tion. If this thesis when completed contains information of public 
interest, whether of an economic character or otherwise, it is pub- 
lished, with whatever illustrations are necessary. 
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This course is primarily for the student of agriculture or horti- 
culture, but, when taken in connection with botany and chemistry, 
is especially adapted to one wishing to fit himself as a teacher of 
science in our public schools, or to one intending to study medi- 
cine, but in this case his laboratory work would be devoted mainly 
to histology. 

This department is now prepared for and is receiving graduates 
from this and other colleges, who wish to continue the study of 
entomology beyond what they were able in their undergraduate 
course. These advanced studies will fit them for positions in the 
experiment stations or as State entomologists, and also give them 
most excellent training as teachers in our high schools and col- 
leges. 

VETERINARY DEPARTMENT. 


This department is well equipped with the apparatus necessary 
to illustrate the subject in the class room. 

It consists of an improved Auzoux model of the horse, imported 
from Paris, constructed so as to separate and show in detail the 
shape, size, structure and relations of the different parts of the 
body; two papier-maché models of the hind legs of the horse, 
showing diseases of the soft tissues, — wind-galls, bog spavins, 
etc., also the diseases of the bone tissues, — splints, spavins and 
ringbones ; two models of the foot, one according to Bracy Clark’s 
description, the other showing the Charlier method of shoeing and 
the general anatomy of the foot; a full-sized model of the bones 
of the hind leg, giving shape, size and position of each individual 
bone; thirty-one full-sized models of the jaws and teeth of the 
horse and fourteen of the ox, showing the changes which take 
place in these organs as the animals advance in age. 

There is an articulated skeleton of the famous stallion Black- 
hawk, a disarticulated one of a thoroughbred mare, besides one 
each of the cow, sheep, pig and dog; two prepared dissections of 
the fore and hind legs of the horse, showing position and relation 
of the soft tissues to the bones; a papier-maché model of the 
uterus of the mare and of the pig; a gravid uterus of the cow; a 
wax model of the uterus, placenta and fcetus of the sheep; show- 
ing the position of the foetus and the attachment of the placenta 
to the walls of the uterus. 

In addition to the above there is a growing collection of patho- 
logical specimens of both the soft and osseous tissues, and many 
parasites common to the domestic animals. A collection of charts 
and diagrams especially prepared for the college is used in con- 
nection with lectures upon the subject of anatomy, parturition and 
conformation of animals. 


\ 
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Through the kindness of Mr. Henry Adams of Amherst the de- 
partment has received a large sample collection of the various 
drugs used in the treatment of the diseases of the domestic an- 
imals. 3 

For the benefit of the students, sick or diseased animals are 
frequently shown them, and operations performed in connection 
with the class-room work. For the use of the instructor of this 
department a laboratory has been provided in the old chapel 
building. It has been equipped with the apparatus necessary 
for the study of histology, pathology and bacteriology, consisting 
in part of four improved Zeiss microscopes with one-eighteenth 
and one-twelfth inch oil immersion objectives, together with the 
lower powers; a Lautenschlager’s incubator and hot-air sterilizer ; 
an Arnold’s steam sterilizer and a Bausch and Lomb improved 
laboratory microtome. This apparatus is used for the preparation 
of material for the class room and for general ‘investigation. 


MATHEMATICAL DEPARTMENT. 


At first glance it might appear that mathematics would play a 
very small part in the curriculum of an agricultural college, and, 
while it is true that its chief object is of a supplementary nature, 
it is equally true that, entirely aside from its value as a means of 
mental discipline, mathematics has a well-defined and practical 
object to accomplish. In this day of scientific experiment, ob- 
servation and research on the farm, the advantages of a thorough 
knowledge of the more elementary branches of mathematics, gen- 
eral physics and engineering must be more than ever apparent ; 
and it is to meet the needs of the agricultural college student in 
these lines that the work in the mathematical department has 
been planned. 

The mathematics of the freshman, sophomore and junior years 
are required, those of the senior year elective. 

A glance at the schedule of studies will show the sequence of 
subjects: book-keeping, algebra and geometry in the freshman 
year ; trigonometry, mechanical drawing, mechanics and plane sur- 
veying, —the latter embracing lectures and field work in elemen- 
tary engineering, the use of instruments, computation of areas, 
levelling, etc.,—in the sophomore year; general physics. with 
work in laboratory, — including electricity, sound, light and heat, 
—in the junior year; and, finally, two electives in the senior 
year, — mathematics and engineering, respectively.* 


* While these two electives are entirely distinct, the student electing engineering 
is strongly advised to elect mathematics also. 


1899. ] PUBLIC DOCUMENT —No. 31. 53 


The mathematical option includes the following subjects: fall 
term, plane analytic geometry, embracing a study of the equations 
and properties of the point, line and circle, and of the parabola, 
ellipse and hyperbola; winter term, differential calculus; and 
summer term, integral calculus. 

The senior engineering option is designed to give to the student 
the necessary engineering training to enable him to take up and 
apply, on the lines of landscape engineering and the development 
of property, his knowledge of landscape gardening, agriculture, 
forestry, botany and horticulture. It embraces a course of lect- 
ures, recitations and field work on the following subjects: topog- 
raphy, railroad curves, earth work, construction and maintenance 
of roads, water works and sewerage systems, elementary structures, 
elementary mechanism, etc. 

It is believed that the engineering elective will equip the student 
to enter a comparatively new field, that of landscape engineering, 
which is coming more and more prominently before the public 
attention; for, with the increasing consideration which is being 
paid to the public health and the development and beautifying of 
our towns and cities, come fresh needs and opportunities. 


CHEMICAL DEPARTMENT. 


Instruction in general agricultural and analytical chemistry and 
mineralogy is given in the laboratory building. Thirteen com- 
modious rooms, well lighted, ventilated and properly fitted, are 
occupied by the chemical department. 

The lecture room, on the second floor, has ample seating capacity 
for seventy students. Immediately adjoining it are four smaller 
rooms, which serve for storing apparatus and preparing material 
for the lecture table. 

The laboratory for beginners is a capacious room on the first 
floor. It is furnished with forty working tables. Each table is 
provided with sets of wet and dry re-agents, a fume chamber, 
water, gas, drawer and locker, and apparatus sufficient to render 
the student independent of carelessness or accident on the part 
of others working near by; thus equipped, each worker has the 
opportunity, under the direction of an instructor, of repeating 
the processes which he has previously studied in the lecture room, 
and of carrying out at will any tests which his own observation 
may suggest. 

A systematic study of the properties of elementary matter is here 
taken up, then the study of the simpler combinations of the elements 
and their artificial preparation ; then follows qualitative analysis of 
salts, minerals, soils, fertilizers, animal and vegetable products. 
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The laboratory for advanced students has tables for thirty work- 
ers, with adequate apparatus. This is for instruction in the chem- 
istry of various manufacturing industries, especially those of 
agricultural interest, as the production of sugar, starch, fibres and 
dairy products; the preparation of plant and animal foods, their 
digestion, assimilation and economic use; the official analysis of 
fertilizers, fodders and foods; the analysis of soils and waters, of 
milk, urine and other animal and vegetable products. 

The balance room has four balances and improved apparatus for 
determining densities of solids, liquids and gases. 

Apparatus and Collections. — Large purchases of ahparsie 
require to be made. JDeficiencies caused by the wear and break- 
age of several years need to be supplied and the original outfit 
increased. The apparatus includes balances, a microscope, spectro- 
scope, polariscope, photometer, barometer and numerous models 
and sets of apparatus. ‘The various rooms are furnished with an 
extensive collection of industrial charts. A valuable and growing 
collection of specimens and samples, fitted to illustrate different 
subjects taught, is also provided. This includes rocks, minerals, 
soils, raw and manufactured fertilizers, foods, including milling 
products, fibres and other vegetable and animal products and arti- 
ficial preparations of mineral and organic compounds. Series of 
preparations are used for illustrating the various stages of different 
manufactures from raw materials to finished products. 


LIBRARY. 

This now numbers 19,180 volumes, having been increased during 
the year, by gift and purchase, 683 volumes. It is placed in the 
lower hall of the chapel-library building, and is made available to 
the general student for reference or investigation. It is especially 
valuable as a library of reference, and no pains will be spared to 
make it complete in the departments of agriculture, horticulture, 
botany and the natural sciences. It is open a portion of each day 
for consultation, and an hour every evening for the drawing of 
books. 


PRIZES. 


BuRNHAM RHETORICAL PRIZES. 
These prizes are awarded for excellence in declamation, and are 
open to competition, under certain restrictions, to members of the 
sophomore and freshmen classes. 
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FLINT PRIZES. 


Mr. Charles L. Flint of the class of 1881 has established two 
prizes, one of thirty dollars and another of twenty dollars, to be 
awarded, at an appointed time during commencement week, to the 
two members of the junior class who may produce the best ora- 
tions. Excellence in both composition and delivery is considered 
in making the award. 


GRINNELL AGRICULTURAL PRIZES. 


Hon. William Claflin of Boston has given the sum of one 
thousand dollars for the endowment of a first and second prize, 
to be called the Grinnell agricultural prizes, in honor of George B. 
Grinnell, Esq., of New York. These two prizes are to be paid 
in cash to those two members of the graduating class who may 
pass the best written and oral examination in theoretical and 
practical agriculture. 


Hitts BoTANiIcaLt PRIZES. 


For the best herbarium collected by a member of the class of 
1899 a prize of twenty dollars is offered, and for the second best 
a prize of ten dollars; also a prize of five dollars for the best 
collection of native woods. 


The prizes in 1898 were awarded as follows : — 

Burnham Rhetorical Prizes: Francis G. Stanley (1900), first ; 
Howard Baker (1900), second; Alexander C. Wilson (1901), 
first; George R. Bridgeforth (1901), second. 

Flint Oratorical Prizes: Warren E. Hinds (1899), first; Ber- 
nard H. Smith (1899), second. 

Grinnell Agricultural Prizes: Clifford G. Clark (1898), first; 
George H. Wright (1898), second; Avedis G. Adjemian (1898), 
honorable mention. 

Hills Botanical Prizes: Willis S. Fisher (1898), first. 

Prizes in Drawing, given by William H. Armstrong, ’99 : Dickran 
B. Tashjian (1901), first; James B. Henry (1901), second. 

Dairy Prizes, given by the Massachusetts Society for Promoting 
Agriculture: greatest improvement, Walter T. Packard, first (fifty 
dollars in gold) ; Oliver H. Leach, second (thirty dollars in gold) ; 
Jonathan E. Holt, third (twenty dollars in gold). 
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RELIGIOUS SERVICES. 


Students are required to attend prayers every week-day at 
8 a.m. and public worship in the chapel every Sunday at 10.30 
a.M.’ Further opportunities for moral and religious culture are 
afforded by a Bible class taught by one of the professors during 
the hour preceding the Sunday morning service and by religious 
meetings held on Sunday afternoon and during the week, under 
the auspices of the College Young Men’s Christian Association. 


LOCATION. 


Amherst is on the New London Northern Railroad, connecting 
at Palmer with the Boston & Albany Railroad, and at Miller’s 
Falls with the Fitchburg Railroad. It is also on the Central — 
Massachusetts Railroad, connecting at Northampton with the 
Connecticut River Railroad and with the New Haven & North- 
ampton Railroad. é 

The college buildings are on a healthful site, commanding one 
of the finest views in New England. The large farm of three 
hundred and eighty-three acres, with its varied surface and native 
forests, gives the student the freedom and quiet of a country 
home. 


TREASURER’S REPORT. 


Report of Georce F. Mitts, Treasurer of Massachusetts Agri- 
cultural College, from Jan. 1, 1898, to Jan. 1, 1899. 


| Received. | Paid. 


Cash on hand Jan. 1, 1898, . . : : $4,054 10 

State treasurer, : } : S : 16,000 00 - 
Term bill, ‘ ; , ; ; , ‘ 2,888 65 $609 03 
Salary, . ‘ ; : : - 27,020 76 
Horticultural department, g F ; ? 3,060 48 6,563 92 
Warm: . ; : : . : : ; 5,965 40 10,775 11 
Expense, . : : : : : ‘ 1,293 O1 8,197 09 
Endowment fund, : : : ‘ : 10,262 72 ~ 
State scholarship ‘funds, . ‘ . ; : : 15,000 00 ~ 
Labor fund, . : ; : ‘ : 5,000 00 4.676 02 
Botanical laboratory, : , : ; 99 50 77 15 
Chemical laboratory, . : : : 576 08 399 36 
Entomological laboratory, . : . 27 00 22 97 
Zodlogical laboratory, . . ‘ ‘ : 68 00 134 43 
Grinnell prize fund, ‘ ; ‘ . i 40 00 35 00 
Gassett scholarship ‘fund, . ; P : 42 50 55 00 
Whiting Street fund, ; Nr : 51 05 50 00 
Mary Robinson fund, . ; : ; 35 84 25 00 
Burnham ey fond, ».. ; : : 133 12 93 12 
Hills fund, . : ; : ; 356 16 621 31 
Library fund, : ; : ‘ ; : 426 95 627 87 
Extra instruction, : - a are : . - 372 00 
Advertising, . ; : : : - 281 12 
Agricultural department, : . : : 513 53 1,381 05 
Electric equipment, ‘ . : ; ; 639 18 2,837 28 
Insurance, : é ; 14 15 773 45 
Investment N. Y. C. & H. R. RR... anaes 4 00 - 
Cash on hand Jan. 1, 1899, . ‘ : : _ 1,423 38 


$67,051 42 | $67,051 42 


CASH ON HAND, AS SHOWN BY TREASURER’S STATEMENT, BELONGS 
TO THE FOLLOWING ACCOUNTS: 


Labor fund, . : ; . ‘ : : : ; : $316 75 
Grinnell prize fund, : : ; : : ; ; : 30 00 
Gassett scholarship fund, , ° . , ; : : 11 02 
Whiting Street fund, : : : ; : 4 ; 11 51 
Mary Robinson fund, . ‘ ‘ : : ; : 15 60 
Burnham emergency fund, . : . : : ! ‘ 89 04 
General fund of the college, . : : , 949 46 


ete 


$1,423 38 
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BILLS RECEIVABLE JAN, 1, 1899. 


Term bill, i , ‘ j : t : ; P $638 98 
Horticultural depantntah . ; é : ‘ . ‘ 418 73 
Farm, ‘ j ; i : ; : : ; : ; 1,175 63 
Expense, . ‘ ; ; : ; . F ; : 83 41 
Botanical labor Ae : : : : ; : : 28 50 
Chemical laboratory, . ; : : : ; : ; 300 00 
Entomological laboratory, . : : 6 00 
Zoological laboratory, . i : j ; : 72 00 
Electric equipment, é : 4 : F : f ; 194 81 

$2,918 06 

BILLS PAYABLE JAN. 1, 1899. 

Horticultural department, . : ‘ : 4 : ‘ $150 52 
Farm, 5; é : ; : a A : ; : ; 4,012 24 
Expense, . : ‘ : ‘ 4 j : , 4 ; 1,485 25 
Electric equipment, . . ; : : : ; ; : 309 00 
Botanical laboratory, . : : b : : ; : 14 56 
Chemical laboratory, . A : : , : : : 60 00 
Insurance, ; ; ; 3 : : ; ; j : 18 00 

$6,049 57 


This is to certify that I have this day examined the accounts from Jan. 1, 1898, to 
Jan. 1, 1899, of George F. Mills, treasurer of Massachusetts Agricultural College, 
and find the same correct and properly kept. All disbursements are vouched for, 
the balance in the treasury being one thousand four hundred and twenty-three 
dollars and thirty-eight cents ($1,423.38), which sum is shown to be in the hands of 
the treasurer. 

CHARLES A. GLEASON, Auditor. 

AMHERST, Dec. 28, 1898. 


“ INVENTORY — REAL ESTATE. 
Land (Estimated Value). 
College farm, . : : : . $37,000 00 
Pelham quarry, : : : : : : 500 00 
Bangs place, . : : : : : : 1,750 00 
Clark place, . é 5 , 5 P ; 4,500 00 
—— $43,750 00 
Buildings (Estimated Value). 
Drill hall, ; F : ‘ ‘ : ; $5,000 00 
Powder house, . : : ; ; y ; 75 00 
Gun shed, soup 5 ‘ ‘ ‘ ; 1,500 00 
Stone chapel, . ; : : : : : 30,000 00 
South dormitory, . 3 é : : : 35,000 00 
North dormitory, . j : : : : 25,000 00 
——_—— 96,575 00 


Amount carried forward, . p : : : : . $140,325 00 
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Amount brought forward, ; : . 


Chemical laboratory, ; 
Entomological laboratory, . 


Farm-house, . : é : : ‘ : 
Horse barn, P 
Farm barn and dairy eine : : 


Graves house and barn, 

Boarding-house, 

Botanic museum, 

Botanic barn, . 

Tool house, 

Durfee plant house ao ganires, . 

Small plant house, with vegetable cellar and 
cold grapery, : ‘ ; . 

President’s house, . , i 

Dwelling-houses, purchased with Pier: 


EQUIPMENT. 
Botanical department, 
Horticultural department, 
Farm, 
Chemical PS aesiory. 
Botanical laboratory, 
Zodlogical laboratory, 
Natural history collection, 
Veterinary department, 
Physics and mathematics, 
Agricultural department, 
Library, 
Fire apparatus, 
Furniture, 
Text-books, 
Tools and lumber, 
Electric equipment and antes, 


SUMMARY. 


Assets. 
Total value of real estate, per inventory, 
Total value of equipment, per inventory, 


Bilis receivable, : 
Cash on hand, . F : F 


Liabilities. 
Bills payable, 
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8,000 00 
3,000 00 
2,000 00 
5,000 00 
33,000 00 
2,000 00 
2,000 00 
5,000 00 
2,500 00 
2,000 00 
13,000 00 


4,700 00 
6,500 00 
5,000 00 
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. $140,325 00 


94,700 00 


$235,025 00 


$3,610 00 
10,779 59 
15,948 76 
1,986 00 
2,156 53 
1,910 38 
5,440 85 
1,615 66 
4,813 00 
3,250 00 
19,200 00 

665 00 

500 00 

207 11 

215 40 
D791 27 


— 


$78,089 55 


. $235,025 00 


78,089 55 
2,918 06 
1,423 38 


_— 


$317,455 99 


6,049 57 


$911,406 42 
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MAINTENANCE FUNDS. 


Fund. 

Technical educational fund, United States ie 
grant, . : . $219,000 00 

Mecho eHNeA Mona fund: State eran : 141,575 35 


Morrill fund, in accordance with act of Con- . 

gress, approved Aug. 30, 1890, é : : 
Hills fund, } 7 ’ 8,542 00 
State appropriation made By, Lesicianine of 

1896 for four years, 
Labor fund, appropriation nals by Pecisiat. 

ure of 1896 for four years, : é 


SCHOLARSHIP FUNDS. 
State fund, appropriated by the has ea of 1886, 


Whiting Street fund, . : é . $1,260 00 
Gassett fund, . , ‘ : 4 : : 1,000 00 
Mary Robinson fund, . : ! : : 858 00 


PRIZE FUND. 
Grinnell prize fund, ‘ ‘ : : ; $1,000 00 


MISCELLANEOUS FUNDS. 


Tibearct fund, . : : $10,046 12 
Investment, N. Y. C. & HL. R. RR. oer ; 100 00 
Burnham emergency fund, . : ‘ F 3,431 45 


[Jan. 


Income in 98. 


$7,300 00 
2,962 72 


16,000 00 
356 16 


5,000 00 


5,000 00 


10,000 00 
51 05 
42 50 
35 84 


40 00 


© 426 95 
4 00 
128 62 


———seee 


$47,847 84 
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FARM REPORT. 


The operations of the farm for the past season call for little 
comment, as they have been of a strictly routine nature, and for 
the most part attended with no marked results either in the direc- 
tion of unusual success or failure, the consideration of which 
would demand attention. Tbe manurial treatment of the several 
crops is shown in the table which follows : — 


Manure and Fertilizer per Acre, Crops of College Farm, 1898. 


B 5 oS = . a e 

~~ m . Zz 

sa/ S |*g/ a8| 3] 8| =| 3 es 

al? ret ae Pees | ee Pee ee | ee a. Pee 

se) @ jem) Sa] 8] B) s| 2] | 8 

) & |o » ail ml|o}] O} @] & 

Manure (cords), . . - 4 - 2 8 6} 10 8 = = 

Nitrate of soda (pounds), . - - | 150 100 | 100 125 | 100 - | 150 | 100 | 100 | 150 

Plain superphosphate (pounds), - 150 | 200 200 | 200 | 250 | 200 | 200 | 200 | 400 
South Carolina rock phosphate 

(pounds),. - 2 - - - - - = = = a ae 

Dried blood (pounds), Bene Wid - - - - = i = - | 200 

Tankage (pounds), . . | 150 - ~ - - | 150 = = = = 

Bone meal (pounds), . : : = - - = = = 1 3 a a 

Muriate of potash (pounds), ./| 75 140 - - | 200 - = = S = 
High-grade sulphate of aise 

(pounds), - - 100 | 200 125 - | 200 | 200 | 150 | 150 | 300 

Diy ground fish (pounds), . - - - - - = a a - | 200 

Lime (pounds), . é - - | 1,000 - | 1,000 - - = = = a 


The average of yield of the several farm crops, together with a 
statement of cost, as nearly as we are able to calculate it, with 
the value and amount of profit or loss, will be found in the table 
below. Concerning the figures in this table, it should be stated 
that the crop is charged with one-half the manure and three-fourths 
of the fertilizer employed. This course appears to me to be right, 
for the reason that all our fields are managed in rotation, includ- 
ing grass, and in the first two years in grass neither manure nor 
fertilizer is used. No attempt is made to estimate the financial 
result in the case of the hay crop, for the reason that the proper 
charge to be made for the after-effects of the manure and fertil- 
izer applied to previous crops is not clear, and for the further 
reason that a separate account is not kept of the labor expended in 
securing the hay crop. That crop is charged the full cost of the 
fertilizer applied this year. In explanation of the comparatively 
small rowen crop, it should be stated that a considerable proportion 
of our mowing land was pastured after the first crop had been removed. 
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The live stock of the farm has maintained a good average of 
general health; but we have suffered a few losses, viz., one team 
horse from black water (hemaglobinuria), one Percheron mare in 
parturition and one Ayrshire heifer from an unknown cause. The 
live stock now includes the following animals : — 

Horses. — Percherons, 1 stallion, 1 two-year-old stallion colt 
and 1 ridgling; three-quarter blood Percheron, 2 mares; French 
coach, 1 stallion and 1 mare; one-half blood French coach, 3 
colts ; farm horses, 4 mares; total, 14 head. 

Neat Cattle. — Ayrshire, 1 bull, 1 cow and 1 bull calf; Jerseys, 
1 bull, 2 cows and one heifer calf ; Shorthorns, 1 bull, 1 cow and 
1 heifer calf; Guernsey, 1 bull and 1 cow; Holstein-Friesian, 1 
bull, 1 cow and 2 heifers; western Shorthorn grades, 46 cows; 
and Ayrshire, Holstein-Friesian, Shorthorn, Jersey and Guernsey 
grades, 17 young cows and 20 heifers and calves; total, 99 head. 

Sheep. — Southdowns, 1 ram and 38 ewes. 

Swine. — Berkshires, 1 boar, 1 sow and 6 shoats; Poland- 
Chinas, 1 boar, 1 sow; Chester Whites, 1 boar, 1 sow; Tam- 
worths, 1 sow and 9 shoats; Berkshire-Poland-China, cross-bred, 
4 shoats; total, 25 head. 

The sales of the year Dec. 10, 1897, to Dec. 15, 1898, have 
amounted to $7,220.77. The largest items are: milk and cream, 
$4,019.80; beef, $589.86; potatoes, $531.80; celery, $174.62 ; 
hay, $658.10; sheep, wool and lambs, $214.23; and labor, 
$350.10. 

Such degree of success as has attended the operations of the 
farm is due almost entirely to the faithful attention of the super- 
intendent, Mr. E. A. Jones, to whom, as my responsibilities for 
experimental work increase, have been left all details of farm 
management in largely increased measure. 


WM. P. BROOKS, 


Professor of Agriculture. 
AMHERST, Dec. 23, 1898. 
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GIFTS. 


From Massacuuserts Society FoR PRoMoTING AGRICULTURE, one 
hundred dollars, prizes, winter Dairy School. 

O. Dovetas Butrer CuLtureE Company, Boston, two pack- 
ages butter culture. 

VerRMoNT Farm Macnine Company, Bellows Falls, Vt., 
one dog power. 

GERMAN PorasH SyNDICATE, sulphate of potash, five tons; 
muriate of potash, three vous; silicate of potash, two 
hundred pounds. 

CoRNELL EXPERIMENT STATION, Ithaca, N. Y., three varie- 
ties of seed potatoes. 

CENTRAL EXPERIMENT STATION, Ontario, one variety of 
seed potatoes. 

H. C. Marsu, Muncie, Ind., three varieties of seed 
potatoes. 

L. L. Otps, Clinton, Wis., one variety of seed potatoes. 

Forp’ & Son, Ravenna, O., one variety of seed potatoes. 

W. H. Mave, Philadelphia, Pa., one variety of seed 
potatoes. 

W. A. BurPre & Sons, Philadelphia, Pa., two varieties 
of seed potatoes. 

A. B. Howarp, Belchertown, two varieties of seed pota- 
toes. 

A. J. Sirperstein, Framingham, plan of and permission to 
use patent nest. 

Fiorina ExpERIMENT Station, Lake City, Fla., one bushel 
Velvet bean. 

Hon. Levi StockpripGr, Amherst, one peck Velvet bean. 

Baker & Bros., New York, two hundred pounds Damara- 


land guano. 
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From Unirep States DEPARTMENT OF AGRICULTURE, Washing- 
ton, D. C., seeds, — winter vetch, Russian sunflowers, 
wax bean, kidney vetch, Bromus inermis and several 
other grasses. 

Sxascura Dip Company, St. Louis, Mo., package sheep 
dip and one of Nikoteen. 

B. H. Smirax (M. A. C., 799), Middlefield, two flickers. 

D. A. Beaman (M. A. C., 99), Leverett, two chipmunks. 

W. H. Armstrone (M. A. C., 99), Cambridge, two young 
red-tailed hawks. 


Loans, FoR USE purRING WINTER CouRSE Datry SCHOOL. 


From Dr Lavat Separator Company, New York, three sepa- 

rators. 

Vermont Farm Macuine Company, Bellows Falls, Vt., 
four separators and one regulator. 

CREAMERY PackaGE Manuractourine Company, Chicago, 
Iil., Disbrow combined churn and butter worker. 

Exein Manuracturinc Company, Elgin, Ill., Babcock 
testers, power and hand sizes. 

SHARPLESS MANUFACTURING Company, West Chester, Pn., 


one separator. 
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BUTTER CULTURES v. NATURAL RIPENING. 


F. S. COOLEY. 


EFFECT ON THE FLAVOR OF BUTTER. 
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BUTTER CULTURES v. NATURAL RIPENING. 


FF. S. i COOLEY. 


EFFECT ON THE FLAVOR OF BUTTER. 


INTRODUCTION. 


A wide-spread interest has been manifested during the past two 
or three years in the matter of substituting ferments whose action 
is known for the miscellaneous micro-organisms previously con- 
cerned in ripening cream for the manufacture of butter. The 
movement towards such a substitution is so active and the amount 
of money at stake so great that it has seemed important to test 
carefully the claims of manufacturers of pure butter cultures, with 
a view to determining whether the advantage of using them in the 
manufacture of butter warrants the outlay. 

Recently as the science of bacteriology has come into prominence, 
it is now recognized as of great importance, and its explanations 
of every-day phenomena are sought more and more for practical 
ends. 

In the living animal world the encroachments of disease germs 
are guarded against with a vigilance undreamed of a generation 
ago, and with a striking result on the health of our crowded cities. 
The study of the action of bacteria in the world of dead organic 
matter is still more recent; nevertheless, it is now engrossing the 
attention of the foremost scientists of the age. 

The ‘‘happy hunting ground” of a vast and varied horde of 
micro-organisms is milk. In it as in very few other fluids do 
they find congenial conditions and proper food for their rapid de- 
velopment and multiplication. It is startling to consider the 
enormous numbers of the little plants that ordinary milk contains. 
It is stated that each cubic centimeter, about one twenty-eighth of 
an ounce, contains numbers varying from ten thousand to several 
million ‘individuals. 

The milkman’s problem is ne complicated by their pres- 
ence. If we overlook the disease germs which milk harbors so 
frequently, but which are now carefully guarded against by the 
best dairymen and many civil authorities, the number of bacteria 
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contained normally in milk is appalling. They gain entrance 
largely in the stable, — from the stable atmosphere; the dust in 
suspension ; the forage ; the sides, belly and udder of the cow where 
even the orifices of the teats are invaded; and the excreta, which 
is teeming with life, and which often is not so carefully removed 
from the sides and udder of the cow as it should be. If the 
utmost care is not observed in cleaning and sterilizing pails, cans 
and other dairy apparatus, these, too, form breeding ground for 
the multiplication of germs, and for seeding subsequent milkings 
with them. | 

The effect of bacteria on milk is varied, inasmuch as numerous 
different forms are present, the principal effect being the fermen- 
tation or souring of the product. Sometimes, however, putrefac- 
tion, red or blue patches or a ropy condition is the result. ‘The 
value of milk is dependent in a great measure on its power to keep 
sweet and resist these undesirable changes. In other words, the 
value of milk is in inverse ratio to the number of bacteria it con- 
tains. Samples of milk from a close city stable, — where the air 
was foul, the cows fed largely on distillery slops, and the feetid 
excrements stuck to the flanks and quarters of the cows so as to 
nearly conceal the hair, — although removed within half an hour 
after being drawn, contained from five hundred thousand to over 
seven hundred thousand bacteria per cubic centimeter, and, placed 
in a cool room, turned off flavor and began to curdle in ten hours. 
On the other hand, milk produced under conditions of Health, 
cleanliness and care will keep at low temperature for several days. 
Cows milked in open air give a better milk than those milked in 
close stables. Care in cleaning the sides and udder of the cows, 
and dampening these parts before milking; immediate removal of 
milk from the stable, and quick cooling; careful cleansing and 
sterilizing of milk vessels, exposing them to sunlight daily, etce., — 
all tell in the direction of a more valuable and better-keeping milk 
product. 

The growing favor of milking machines has a scientific founda- 
tion, in the fact that they prevent the exposure of milk to con- 
tamination by germs. 

While nearly every evil we seek to guard against in milk is the 
result of bacterial action, we are greatly indebted to many of 
these same bacteria for valuable qualities in butter. Undesirable 
as is the fermentation and souring produced by them in milk, it is 
one of the essentials in the manufacture of choice butter. The 
ripening of cream is the work of these organic ferments, and if 
they are destroyed, or their development checked, cream does not 
ripen. ; 


a 
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It is not necessary to discuss the use of ripening of cream or 
securing more complete recovery of butter fat in churning, nor is 
it necessary to state that butter from ripened cream has a better 
sale than sweet cream butter. A little acid in the product ‘‘ covers 
a multitude of sins” in flavor and other qualities. 

All butter makers concede that successful butter making de- 
pends largely on producing just the right degree of ripeness. 
Ripening is no more nor less than a partial fermentation, brought 
about by bacterial development. 

It is only recently that the flavor and aroma of butter were prop- 
erly ascribed to fermentation. It was the prevalent notion previ- 
ously that the flavor of butter was entirely due to the feed of 
cows, and it is only within the past decade that that idea has been 
proved erroneous. In the last few years much valuable knowledge 
has been gained on the subject of milk fermentation. 


History OF INVESTIGATION. 


The noted. Danish scientist, Storch, was perhaps the first inves- 
tigator along these lines. In 1890 he found that the production 
of a high-class flavor in butter was dependent on the kind of bac- 
terial life that was present in the cream. If sweet cream was 
made into butter, it lacked the delicate aroma that was so much 
desired. He studied carefully the different species of bacteria 
that were present in ripening cream, and finally succeeded in sep- 
arating a form that invariably produced a fine flavor when intro- 
duced into pasteurized cream. These discoveries opened a new 
field for investigation. That field has since been assiduously 
cultivated by several other Danish investigators, by Weigmann in 
Germany, and by Conn, Russell and Keith in the United States. 

Prior to this time the manufacturers of beer had availed them- 
selves of the discoveries of science, and since 1883 a uniform 
desirable flavor has been produced by the famous Carlsberg 

brewers, by using bacterial cultures separated by Dr. Emil Chris- 

tian Hansen of Copenhagen. Up to that time the manufacturers of 
beer had encountered serious troubles in fermentation, which en- 
tirely disappeared on the introduction of pure cultures, and the 
result was an exceptionally uniform and agreeable flavor. It 
appears, then, that the use of pure cultures in butter making is an 
outgrowth, as it were, of their use in the manufacture of beer, and 
that the latter product earlier enlisted the investigations of science 
in this direction. 
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PRACTICE AND IMPROVEMENT IN CREAM RIPENING. 


For centuries down to almost the present time cream ripening 
was a most hap-hazard process, and butter makers little thought of 
attributing their failures to improper fermentation. During the 
past few decades the tendency has been strongly in the direction of 
greater care and method in preparing cream for the churn; and 
practical men now insist on cleanliness and prevention of entrance 
of all dirt, dust and other foreign bodies into milk and cream, thus 
almost unconsciously observing the precautions that the teachings 
of science would indicate. 

Many butter makers have gone further than this, and secured a 
uniformity of ripening, by adding to each batch of cream as it 
comes to the factory a little of the cream ripened that day, or of 
the buttermilk from the last churning. In this way those bacteria 
which have habitually produced an agreeable flavor are seeded 
day by day into the fresh cream, and gain ascendency over the 
less desirable forms that might otherwise predomi resulting 
in a uniformly fine butter. 

A difficulty in the way of absolute success with this method 
arises from the fact that after a time the form producing agreeable 
flavors is liable to run out and be overpowered by one producing 
injurious effects; as, for instance, a bitter taste or a ropy con- 
sistency, or perhaps more often a lack of flavor. This quality is 
transmitted just as persistently as the other, and is often hard to 
get rid of. The difficulty has been overcome by introducing a 
fresh ripener from a neighboring creamery, or, better, from a 
private dairy whose products are known to possess only good 
flavors. “This last method is almost the final step towards the 
adoption of a carefully isolated and purely developed culture ; and, 
such cultures being on the market, the tests herein described were 
made to determine, if possible, whether any real advantage ac- 
crued from their use over ripening cream in the ordinary way 
with the utmost possible care. 


BuTTER CULTURE DESCRIBED. 


In our test four different ripeners were employed, —the old 
natural Lactic Ferment, Conn’s Bacillus No. 41, Boston Butter 
Culture, and Hansen’s Lactic Ferment. 

Of the first, it is not necessary to state more than that all pos- 
sible care was observed to have fermentation take place in a 
purely normal manner. Our aim was to produce a first-class 
butter, with natural ripening, for comparison. The conditions for 
ripening the cream were at least as good as the average in cream- 
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eries where large amounts are handled, and the product compares 
fairly, as will be seen by the scores. 

The second kind of fermentation was started with the Lactic 
Ferment, received from Chr. Hansen’s laboratory, Little Falls, 
N.Y. This culture is too well known to require comment, having 
been for some time in use, and thoroughly tried in other places. 

The third series of ripenings were produced by the use of 
Conn’s Bacillus No. 41, prepared by Dr. H. W. Conn, Wesleyan 
University, Middletown, Conn. This bacillus has been described 
by Dr. Conn in the Connecticut Storrs Station Bulletin No. 12, Feb- 
ruary, 1894, as one selected by him from a large number, as pro- 
ducing a uniformly fine, high flavor in butter, when introduced 
into the cream before ripening. The bacillus was obtained at 
the World’s Columbian Exposition in 1893, from a sample of 
‘¢ preserved milk” from Uruguay, which had become quite bitter. 

The other culture used in the test was the Boston Butter Culture, 
received from Mr. O. Douglas, Boston, Mass., separated in 1896 
by Mr. S. C. Keith for Massachusetts Institute of Technology. 
This last named is newer to the trade, having been first placed on 
the market less than a year ago, and not having, therefore, as yet 
been given a thoroughly comparative test. The following state- 
ment from Mr. Keith is descriptive of this culture : — 


This culture was isolated from a mixture of bacteria growing in an 
agar tube in April, 1896. At that time I was making a study of the 
effects various bacteria had on cream, and in the course of my experi- 
ments found that this bacterium (which I have since named Micrococcus- 
butyri-aroma faciems) produced a decided flavor and aroma when grown 
in milk or cream. 

This bacterium is similar in respect to its action on milk to the one 
described by Prof. H. W. Conn in Storrs Agricultural Experiment Station 
Report as “ Bacillus No. 41” but it is radically different from the latter 
in its morphology and biology, being a micrococcus growing at 37° C, 
and 20°, slowly liquefying gelatine, and not growing well on potato. 


Our bacteriologist, Dr. Jas. B. Paige, found the culture as 
placed on the market for ripening cream entirely free from foreign 
forms, and pure. 


Ciaims FoR Pure CULTURE. 
The claims made by the manufacturers of cultures for ripening 
cream are these : — 
1. Uniformity of Butter. — As the same organisms are propa- 
gated from day to day and renewed from week to week, the flavor 
of butter must remain uniform and constant throughout the year. 
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2. Increase in Flavor. — Not only is the flavor uniform during 
the entire twelve months, but a quick, high flavor, so much prized, 
is secured. The flavor of ‘‘ June butter”? may be thus enjoyed 
during the entire year. 

3. Improving the Keeping Quality. — Contrary to the results of 
tests made by scientists, indicating that a high flavor is short-lived, 
and accompanies poor keeping qualities, the producers of these 
cultures claim a better keeping quality for butter made by their 
use. 

Although no tests have yet been previously reported for all the 
cream ripeners herein described, some very valuable tests have 
been made for some of them, and especially for Bacillus No. 41. 


Previous EXPERIMENTS. 


Dr. H. W. Conn, in Storrs Experiment Station Report for 1894, 
has, in addition to an instructive discussion of the theory of cream 
ripening, the results of numerous practical tests of Bacillus No. 41 
in Connecticut butter factories, in which the majority of results 
were favorable to that bacterium. 

The Wisconsin Experiment Station Report for 1895 contains 
the details of a very thorough and extended experiment, conducted 
by Professors Farrington and Russell, to determine whether the 
claims of producers of butter cultures are sustained, or not, result- 
ing in these conclusions : — 

1. Cultures of Conn’s Bacillus No. 41 did not improve the 
flavor of butter either from separator cream or gathered cream. 
On the contrary, there was a perceptible difference in favor of 
natural ripening. 

2. With separator cream, butter in cold storage that was made 
with Bacillus No. 41 deteriorated less than did normal butter; 
and, although the latter scored somewhat higher when fresh, it 
scored slightly lower when taken from cold storage. 

3. From gathered cream, the use of Bacillus No. 41 produced 
no advantage in keeping quality of its butter. | 

4. There was little difference in the uniformity of Bacillus No. 
41 or the natural ripening, what there was being in favor of the 
“latter. | 

Massacuusetts Datry ScHOOL EXPERIMENT. 

At the Massachusetts Dairy School in the winter of 1896, ina 
single careful test of natural ripening, Bacillus No. 41 and Lactic 
Ferment, under almost identical conditions of management and 
churning, the Bacillus No. 41 was judged to have produced the 
best flavor, although some doubt was expressed as to the results. 
The following tests were carried out by Mr. H. C. Burrington of 
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Charlemont, Mass., and Mr. F. W. Carpenter of Waupun, Wis., 
and the Massachusetts Dairy School, under my supervision, during 
the winter of 1897. The cream was all produced by use of the 
separators, and contained a uniform percentage of fat, — about 30 
per cent. It was set at about 65° F., and allowed to ripen for 
twenty-four hours to a uniform acidity, — about .4 per cent. It 
was then churned in a barrel churn at 58°-60° F., worked toa 
uniform dryness, salted seven-eighths of an ounce to the pound, 
put away to stand twenty-four hours, reworked and printed. 

Identical conditions were observed in the different lots, as far 
as possible, and the comparisons were remarkably good, as far as 
uniformity of circumstances was concerned. 

All the tests were made in pairs, and continued for five days. 
Fresh starters were made and put into the first batch of cream ; 
from this the next was seeded, and so on for five days. A churn- 
ing of each successive day was made, worked and printed. The 
prints were carefully put away under number, and at the end of 
five days one pound of each of the five churnings from both lots 
was sent away to be scored under cipher numbers by two experts. 
Mr. Orrin Douglas of Boston had charge of the scoring, being 
assisted by Mr. Harris in most cases. Their scores were each 
made independently, without consulting the other’s judgment. 

The different cultures were paired as follows : — 


First week, five churnings, Conn’s Bacillus No. 41 v. natural ripening. 

Second week, five churnings, Conn’s Bacillus No. 41 v. Boston Butter 
Culture. 

Third week, five churnings, Boston Butter Culture v. natural ripening. 

Fourth week, five churnings, Boston Butter Culture v. Lactic Ferment. 

Fifth week, five churnings, Hansen’s Lactic Ferment v. natural ripening. 

Sixth week, five churnings, Hansen’s Lactic Ferment v. Conn’s Bacillus 
No. 41. 


In no instance did the scorers know the method of ripening, or 
have a key to the numbers of the samples to be scored; and in 
each case the samples of compared methods of ripening extended 
over five days and through five successive churnings, so that the 
averages of conditions were practically identical. The following 
scores were made on the different lots. Flavor only was consid- 
ered in scoring, 45 points for perfect : — 


First Week. 


Average score on flavor of five churnings by two different judges 
(separate scores not returned the first time) : — 


Conn’s Bacillus No. 41, . ‘ ; ; ; 39.00 
Natural ripening, . : ‘ ‘ ‘ EP ors00 
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Second Week. 


WITH CONN’S BACILLUS WITH Boston BUTTER 

No. 41. CULTURE. 
Douglas. Harris. Douglas. Harris. 
First daw.) ce)! ca) ques aaa 39.50 38.00 36.00 
Second day, . s é 40.00 39.00 38.00 38.00 
Third day, f : A 42.00 40.00 38.00 39.00 
Fourth day, . ; ; 40.00 39.50 42.00 39.00 
Fifth day, : : ; 40.00 39.00 38.00 38.00 
Averages, . , .| 40.60 39.40 38.80 38.00 

—— —-- pe ||| rete ad 
General averages, . 40.00 38.40 


Third Week. 


WITH BOSTON BUTTER 
WiTH NATURAL RIPENING. 


CULTURE. 
| Harris. Fales. Harris. Fales. 
First day, : : . | A2.00 40.00 40.00 39.00 
Second day, . ; . | 40.00 40.50 40.00 40.00 
Third day, : , .| 40.00 41.00 41.00 41.00 
Fourth day, . 2 .| 41.00 39.50 39.50 41.00 
Fifth day, ; : .| 40.50 41.00 40.00 39.00 
Averages, . .| 40.70 | 40.40 40.10 | 40.00 
— —-- — ||— ye eee 
General averages, . 40.55 40.05 
Fourth Week. 
WITH Boston WITH HANSEN’S 


BUTTER CULTURE. LACTIC FERMENT. 


Douglas. Douglas. 
First day, é , : ; : ‘ 41.00 37.00 
Second day, . . : : : : 39.06 39.00 
Third day, . i : : : : 40.50 38.00 
Fourth day, . ‘ : : ; 39.50 40.00 
Fifth day,’ . Danae : : 40.50 37.50 


Averages, : ; - : 40.10 38.30 
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Fifth Week. 


WITH HANSEN’S LACTIC 
WITH NATURAL RIPENING. 


FERMENT. 
Harris. Bent. Harris. Bent. 

Firssday, . . «| 40.00 | 40.00 || 39.00 | 39.00 
Second day, . . 2 |) (99200 40.00 39.00 40.00 
Third day, ; ; . | 40.00 40.00 38.00 39.50 
Fourth day, . . | 40.00 38.00 39.00 40.00 
Fifth day, : ‘ . | 39.50 40.50 39.50 39.00 

Averages, . : ; 39.70 39.70 38.90 39.50 

—— a ——Z 
General averages, . 39.70 39.29 


Sixth Week. 


WITH LACTIC FERMENT. WITH BACILLUS No. 41. 
| Douglas. Bent. Douglas. Bent. 
First day, Baber teh 68.50 37.50 39.00 39.00 
Second day, . : : 39.00 38.75 37.00 38.00 
Third day, ‘ : : 38.00 38.00 38.50 38.50 
Fourth day, . ; 4b .00 41.00 37.00 37.50 
Fifth day, : 5 : 38.00 38.00 38.00 38.00 
Averages, . .| 38.90 | 38.65 37.90 | 38.20 
General averages, . Brom Wd 38.05 


The averages of all these scores under the ripening cultures (they _ 
represent twenty-five scores for each culture) are as follows : — 


Boston Butter Culture, . ; ; ; ; : . 389.68 
Conn’s Bacillus No. 41, . ’ : , ‘ ; » 99.02 
Hansen’s Lactic Ferment, : ; : , ; . 388.98 
Natural ripening, . ; : ; ; : ; sea te 


The extreme scores for each culture make it evident that the 
claims on the part of the producers of the cultures that they 
produce greater uniformity in butter are not sustained. Natural 


ripening gives no greater variation than the most uniform of the 


cultures, as seen below : — 
Maximum. Minimum. 


Boston Butter Culture, . : : : : 42 36 
Conn’s Bacillus No. 41, . : ; . P 42 3” 
Hansen’s Lactic Ferment, : : ; : 41 Sf 


Natural ripening, . , : P : 41 37 
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The conclusions we would draw from the tests are : — 

1. That Boston Butter Culture, Conn’s Bacillus No. 41 and 
Hansen’s Lactic Ferment appear to be slightly superior to natural 
ripening in their effect on the flavor of butter. 

2. That this improvement is most marked with the Boston 
Butter Culture, Conn’s Bacillus No. 41 ranking second. 

3. That the advantage of using pure cultures is small, if any. 

4. That in uniformity of product none of the pure cultures 
showed any advantage over natural ripening. The lack of uni- 
formity with each of the methods was probably aggravated by the 
inexperienced butter makers who performed the work. Dairy 
students did nearly all of the work of the test. 

5. It was thought by those in charge of the test that a more 
decided superiority over normal butter of butter from Conn’s 
Bacillus No. 41 and Boston Butter Culture was more apparent 
a few days after the butter was made than when it was fresh. 
This is an important fact, and wants the confirmation of expert 
judgment. 
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HATCH EXPERIMENT STATION 


OF THE 
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By act of the General Court, the Hatch Experiment 
Station and the State Experiment Station have been con- 
solidated under the name of the Hatch Experiment Station 
of the Massachusetts Agricultural College. Several new 
divisions have been created and the scope of others has 
been enlarged. To the horticultural has been added the 
duty of testing varieties of vegetables and seeds. The 
chemical has been divided, and a new division, ‘*‘ Foods and 
Feeding,” has been established. The botanical, including 
plant physiology and disease, has been restored after tem- 


porary suspension. 
The officers are : — 
Henry H. Goopettz, LL.D., 


WILLIAM P. Brooks, Ph.D., 
GrorGE E. Stone, Ph.D., 


CuarLes A. GOESSMANN, Ph.D., LL.D., 


JOSEPH B. Linpsery, Ph.D., 
CHARLES H. FERNALD, Ph.D., 
SAMUEL T. Maynarp, B.Sc., 
J. E. OSTRANDER, C.E., 
Henry M. Tuomson, B.Sc., 
Rawpu E. Smit, B.Sc., 
Henri D. Hasxiwns, B.Sc., 
CHARLES I. GoESSMANN, B.Sc., 
SAMUEL W. WILEY, B.Sc., 
Epwarp B. Ho.uanp, M.Sc., 
FrED W. Mossmay, B.Sc., 
BENJAMIN K. Jonzs, B.Sc., 
Puiuip H. Smitu, B.Sc., 
Rosert A. Coouiey, B.Sc., 
GEORGE A. DREw, B.Sc., 


HERBERT D. Hemenway, B.Sc., 


ARTHUR C. MONAHAN, 


Director. 


. Agriculturist. 


Botanist. 

Chemist (fertilizers). 

Chemist (foods and feeding). 
Entomologist. 

Horticulturist. 

Meteorologist. 

Assistant Agriculturist. 

Assistant Botanist. 

Assistant Chemist (fertilizers). 
Assistant Chemist (fertilizers). 
Assistant Chemist (fertilizers). 

First Chemist (foods and feeding). 
Assistant Chemist (foods and feeding). 
Assistant Chemist (foods and feeding). 
Assistant in Foods and Feeding. 
Assistant Entomologist. 

Assistant Horticulturist. 

Assistant Horticulturist. 

Observer. 
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The co-operation and assistance of farmers, fruit growers, 
horticulturists and all interested, directly or indirectly, in 
agriculture, are earnestly requested. Communications may 
be addressed to the ‘‘ Hatch Experiment Station, Amherst, 
Mass.” 

The following bulletins are still in stock and can be 
furnished on demand : — | 


No. 27. Tuberculosis in college herd; tuberculin in diagnosis ; 
bovine rabies ; poisoning by nitrate of soda. 

No. 33. Glossary of fodder terms. 

No. 35. Agricultural value of bone meal. 

No. 37. Report on fruits, insecticides and fungicides. 

No. 41. On the use of tuberculin (translated from Dr. Bang). 

No. 42. Fertilizer analyses; fertilizer laws. 

No. 43. Effects of electricity on germination of seeds. 

No. 45. Commercial fertilizers; fertilizer analyses; fertilizer 
laws. 

No. 46. Habits, food and economic value of the American toad. 

No. 47. Field experiments with tobacco. 

No. 48. Fertilizer analyses. 

No. 49. Fertilizer analyses. 

No 50. The feeding value of salt-marsh hay. 

No. 51. Fertilizer analyses. 

No. 52. Variety tests of fruits; spraying calendar. 

No. 53. Concentrated feed stuffs. 

No. 54. Fertilizer analyses. 

No. 55. Nematode worms. 

No. 56. Concentrated feed stuffs. 

No. 57. Fertilizer analyses. 

Special bulletin, — The brown-tail moth. 

Index, 1888-95. 


Of the other bulletins, a few copies remain, which can 
only be supplied to complete sets for libraries. 

New methods and new appliances in the feeding and care 
of animals and plants have opened up new problems, and 
the demands made upon the station have taxed it to its 
uttermost. Briefly summarizing the work of the year, we 
find it distributed as follows: in the division of foods and 
feeding a new feature has been added, viz., regulating the 
sale of concentrated feed stuffs. There have been 663 
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analyses of these materials made, 292 of fodder and 420 of 
dairy products. In an investigation of Cleveland flax meal 
v. old-process linseed meal for feeding early lambs, it was 
found that no injurious results followed from the use of flax 
meal, and that there was the same average daily growth of 
the lambs on either ration; in an experiment of corn meal 
v. hominy meal and corn meal v. cerealine feed for growing 
pigs, it was found that the corn meal was five to ten per 
cent. more valuable than cerealine feed used in connection 
with skim-milk, while hominy meal was quite as valuable 
as corn meal in connection with skim-milk. 

In the entomological division, besides the special work 
in connection with the gypsy moth, attention has been paid 
to combining the arsenate of lead and the Bordeaux mix- 
ture, with favorable results. The life histories and habits 
of two pernicious insects have been worked out, — the grass 
thrips, particularly destructive in this State, and the small 
clover-leaf beetle (Phytonomus nigrirostris). The perni- 
cious scale insects (Chionaspis) have also been carefully 
studied, and the results will soon be published. 

The horticultural division has continued its work of test- 
ing varieties of fruits, domestic and foreign, suitable for 
this State, and its investigation of hydrocyanic acid as an 
insecticide. ; 

The division of fertilizers has made five hundred and 
fifty-two analyses; has conducted experiments on the use 
of concentrated chemical manures to supply plant food in 
greenhouses, combinations of high-grade fertilizers for 
garden, greenhouse and pot cultivation; and has made 
observations with dried blood and two kinds of leather 
refuse as a source of nitrogen for growing rye in presence 
of acid and alkaline phosphates. 

The agricultural division, in addition to its soil tests with 
corn, onions, oats, etc., has undertaken the testing of seeds 
of the same variety of potatoes raised in different localities, 
finding a variation of fifty per cent. in Early Rose and 
Beauty of Hebron. In experiments with poultry the fol- 
lowing results were obtained with reference to egg produc- 
tion: (a) that condition powders had no effect; (6) that 
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animal meal was of more value than cut bone; (c) that the 
influence of the cock was nal; (d) that a wide ration was 
preferable to a narrow ration. 

The botanical division has issued an illustrated bulletin 
(No. 55) on the nematode worm, in which its life history 
is traced, and a simple remedy, steaming the soil, given for 
its repression. Work has been done in the drop and top 
burn of lettuce, asparagus and chrysanthemum rust, and in 
sub-irrigation and the mechanical condition of soil as affect- 
ing the growth of lettuce. 

Reports from the different divisions, giving in detail the 
work of the year, accompany this brief summary. 


s 
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Or GEORGE F. MILLS, Treasurer OF THE HATCH EXPERIMENT STATION 


OF MASSACHUSETTS AGRICULTURAL COLLEGE, 


For the Year ending June 30, 1898. 


Cash received from United States treasurer, $15,000 00 
Cash paid for salaries, . : : : : . $4,443 00 
for labor, ; ‘ 4 ; ' . 3,605 36 
for publications, . ‘ ; ; . 2,885 54 
for postage and stationery, . ; . 235 56 
for freight and express, ; : . 3855 49 
for heat, light and water, . é Seen LOO, ba 
for seeds, plants and sundry supplies,. 448 72 
for fertilizers, ‘ ‘ ; , . 285 86 
for feeding stuffs, . : eer sae Wi 
for library, . : ¥ : : . 244 78 
for tools, implements and machinery,. 250 00 
for furniture and fixtures, . : o » OS 19 
for scientific apparatus, . : . 228 36 
for live stock, 3 : : : oe SOE 00 
for traveling expenses, 7 ; 5) pae0cO0 
for contingent expenses, . : : 80 65 
for building and repairs, . ; . 489 15 
$15,000 00 
Cash on hand July 1, 1897, . ; ; ‘ «. $1973 
Received from State treasurer, . ; : . 11,200 00 
from fertilizer fees, ; 3 - Gute to 
from farm products, . : : . 1,763 86 
from miscellaneous sources, . : . 1,663 45 
——-—— $17,925 79 
Cash paid for salaries, . : ‘ ‘ : . $8,901 77 
for labor, . 2 . : ’ (olor Ls 
for publications, . ; ‘ : ji ROS 2 
for postage and stationery, . : «236° 16 
for freight and express, . ; « 164 97 


Amount carried forward, . . . $13,168 35 
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Amount brought forward, 4 ; ‘ $13,168 35 
Cash paid for heat, light and water, . »  . 549 44 
for chemical supplies, . : . 958 54 

for seeds, plants and sundry auupetions 368 02 

for feeding stuffs, . : : : . 692 46 

for library, . ; ‘ ot \ LOR ae 

for tools, implements dad hyaaiineee 34 49 

for furniture and fixtures, . 4 ; 40 23 

for scientific apparatus, ; : 5: deat 

for live stock, : , , ; : pio ou 

for traveling expenses, : - . 9856 73 

for contingent expenses, . ! . 163 96 

for building and repairs, . ' . 1,001 86 


——-—— $17,925 79 


I, Charles A. Gleason, duly appointed auditor of the corporation, do hereby certify 
that I have examined the books and accounts of the Hatch Experiment Station of 
the Massachusetts Agricultural College for the fiscal year ending June 30, 1898; that 
I have found the books well kept and the accounts correctly classified as above; and 
that the receipts for the year are shown to be $32,925.79, and the corresponding dis- 
bursements $32,925.79. All the proper vouchers are on file, and have been by me 
examined and found to be correct, there being no balance on accounts of the fiscal 
year ending June 30, 1898. 


Cc HARLES A. GLEASON, 


Auditor. 
AMHERST, Aug. 31, 1898. 
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REPORT OF THE METEOROLOGIST. 
JOHN E. OSTRANDER. 


During the year, as in previous years, the meteorological 
division has been principally engaged in the observations 
of the various weather elements and phenomena, and the 
compilation of the records in permanent form. The more 
important results, together with summaries of most of the 
others, have been published, as heretofore, in bulletin form 
each month. The usual summary of the weather for the 
year will be issued when the records are completed. 

The records of the division were begun with the year 
1889; accordingly, this year completes the first decennial 
period. A tabulation of the results for the whole period 
is under way, for use in determining the means of the 
several weather elements at this station. These results 
should give normal conditions differing but little from 
those that may afterward be deduced from observations 
covering a much longer time, and will be found valuable 
for the purpose of determining departures from mean con- 
ditions in the future. The tables are being arranged in a 
suitable form for publication, so that they may be issued in 
bulletin form, if it is thought desirable. 

While the self-recording instruments in the tower give 
generally good results, the records of the sun thermometer 
are lacking in precision. Cold-air currents and variable 
wind velocities give at times records which cannot be 
distinguished from those due to cloudiness. The desira- 
bility of having a photographic or an electrical sunshine 
recorder, for use in conjunction with the Draper instrument, 
is suggested. 

The local forecasts of the weather have been received 
daily, except Sunday, from the Boston office of the United 
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States Weather Bureau, and the signals displayed on the 
top of the tower. At the request of Mr. J. W. Smith, 
director of the New England section of the United States 
Weather Bureau, this division has arranged to furnish his 
office the weekly snow reports, as has been done the past 
few years. ‘The record of the number of days of sleighing, 
begun by Professor Metcalf, is being continued. 

During the year attempts were made to secure some rec- 
ords of atmospheric electricity by using the quadrant elec- 
trometer in the tower, but without success. The extreme 
sensitiveness of the instrument seems to preclude its working 
at any such height from the ground, where it is necessarily 
subjected to the vibrations of the building. Unless a suit- 
able location and mounting can be provided elsewhere, the 
records it was intended to secure cannot be obtained with 
any degree of success. 

During the year the division purchased one of the resist- 
ance boxes made after the design of Prof. Milton Whitney, 
of the Division of Soils, United States Department of Agri- 
culture, for the purpose of continuing the examination of 
soil moisture by the electrical method. The electrodes 
could not be obtained from the manufacturer until early 
in June, and then a number proved defective. Others 
were loaned us later by the Department at Washington 
for continuing the work. The results obtained have been 
even less satisfactory than those of last year. An examina- 
tion of the electrodes in the soil showed in some cases short 
circuits to have been produced by the growth of roots across 
the face; in other cases no cause could be found for unusual 
changes in the resistance. A continuation of the experiment 
another year may perhaps furnish more satisfactory results, 
or reveal the causes of some abnormal fluctuations. 
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REPORT OF THE HORTICULTURIST. 


SAMUEL T. MAYNARD. 


The work of this division during the past year has been 
carried on in about the same lines as for the year of 1897. 

Of the experiments conducted, variety testing of fruits, 
vegetables, flowers, etc., has occupied considerable atten- 
tion. This work has been undertaken largely in response 
to the constant calls from the people to know the value of 
widely advertised new varieties put upon the market with 
extravagant claims of merit and at exorbitant prices, nine- 
tenths or perhaps ninety-nine-hundredths of which prove 
of less value than the old established sorts. 


Fruit INVESTIGATIONS. 
The Apple. 


With each succeeding year the fact is more and more clear 
that old varieties, from the many conditions of cultivation, 
from increased injury by insects and fungous pests, grow 
more feeble and are more and more subject to the continued 
action of the above agencies; and that new varieties must 
be found, that can be more easily and cheaply grown, or 
that will meet the demand for fruit of better quality. The 
Baldwin apple, for so long a time the most profitable and 
satisfactory variety for market, has in many places in the 
last two or three years shown so great a tendency to the 
dry-rot spots under the skin, long before its normal time 
for the breaking down of its tissues in the process of ripen- 
ing, that much of its fruit put on the market has had the 
effect of decreasing the demand and lowering the price; 
while the Ben Davis, not nearly as good in quality, but 
firm, fresh and solid from skin to core, has been sold in our 
local markets to the exclusion of the home product. 
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The varieties of apples tested here and in many other 
sections, that stand out prominently as possessing those 
qualities that will enable them to successfully compete with 
the winter varieties shipped to our markets from other 
States, are the Sutton Beauty, Palmer, MacIntosh Red, 
Wealthy and Gano. 

Sutton Beauty. — Much superior in quality to the Bald- 
win; is of similar color, perhaps not quite as large unless 
thinned, and has not shown the dry-rot spots so common 
in the latter variety. The tree is vigorous and compact 
in growth, generally with strong, healthy foliage, and so 
prolific as to require thinning. For local trade it is one 
of the best. 

Palmer. — An apple of medium to large size, of a golden- 
yellow color when grown on trees in the full exposure of 
sunlight, but of a green color if grown on closely planted 
trees. It is of the best quality, tender, crisp and rich. 
Being an apple of light color and tender flesh, it should be 
handled very carefully when gathered, and sold in bushel 
boxes, in which it will not be subjected to much pressure or 
jolting. 

MacIntosh Red.— This is one of the most beautiful of 
late fall and early winter apples, and, as far as it has been 
tested in Massachusetts, has done well, and promises to 
secure much of the trade for fancy apples that demands 
such varieties as the Fameuse, or Snow apple, which is not 
successfully grown in this State. 

Wealthy. — Generally this variety has proved very satis- 
factory, but has only been grown on young trees. Its 
season of ripening is when there is an abundance of fall 
apples, but it often keeps into early winter. It colors up 
early, and its beauty, together with its fine quality and 
somewhat elastic texture, not easily bruised, makes it a 
good market variety, and should make it valuable as an early 


shipping apple with which to open the fall trade in European 


markets, which in the past has been greatly injured by 
shipping half-ripe and poorly colored Baldwins, and other 
varieties not as well colored or matured as the latter variety. 
It has thus far proved prolific, an early bearer and free from 
disease, but will be greatly improved by thinning. 


. 
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Ben Davis. — It has been stated on good authority that 
more of this variety were sold in the Boston markets and 
on fruit stands during the winter of 1897 than of any other 
kind, almost the entire amount of which were imported 
from the western States. In quality and beauty this apple 
is far below any of the varieties above mentioned; yet its 
perfect form, uniform size, good keeping qualities, and 
its very firm, but somewhat elastic flesh, render it less 
affected by handling and shipping than almost any variety 
in cultivation. It is very productive, but, as grown in New 
England, unless thinned, will be of medium or small size. 
From its behavior thus far it would seem that, if a variety 
of so poor quality is to be demanded by our markets, it 
may be grown quite as successfully in many sections of the 
State as in any other section of the country. This, how- 
ever, is not necessary; for, if the previously named varie- 
ties are well grown, there will be no difficulty in securing 
the local markets for them, if they are properly sorted and 
delivered. 

Gano. — This variety was introduced as an improved Ben 
Davis, and, as far as tested, has proved superior to that 
variety in color, and perhaps to a very slight degree in 
quality. As yet it has only been produced on young trees, 
so that its real value cannot be determined without many 
years’ further trial. | 


Pears. 


With the large number of kinds of choice fruit that is 
now competing with the fruit grown in New England, the 
pear seems to be less in demand than formerly. Fewer 
varieties also are found profitable than a few years ago. Of 
those that stand at the head of the list, the Bartlett, Bosc, 
Sheldon, Seckle and Hovey are the most generally grown 
and bring the highest prices. 


Peaches. 

The interest in peach growing in this State seems on the 
increase, and the growers are coming to see that it is use- 
less to plant the peach for profit except on high land, 
where a moderately vigorous growth can be maintained, and 
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where the temperature is such that the fruit buds mature 
more fully and are not so liable to be destroyed by extreme 
cold. ‘The varieties that are popular in the market and that 
are most profitably and successfully grown are Crawford’s — 
Early, Crawford’s Late, Old Mixon, Elberta and Crosby. 
All of these varieties except the Elberta have long been 
grown in Massachusetts. The latter is an oval peach of 
large size and of a light-yellow color, with more or less 
color on the exposed side. It is generally hardy and pro- 
ductive, but the past season, in a great many sections of 
this and other States, was so seriously injured by the ‘leaf 
curl” as to endanger its vitality. Should it continue to be 
attacked by this disease, it will not long remain a profitable 
variety. 
Plums. 

Many growers of this fruit in the State have become dis- 
couraged from the lack of profit in the domestic plum, on 
account of the black knot, plum curculio, leaf blight and 
brown rot. The results obtained in the station orchards 
give no reason for such discouragement. Trees of all ages, 
from thirty years old to those of one or two years’ growth, 
may be found, and almost every variety of any value is rep- 
resented. Upon these trees will be found hardly a knot to 
the tree. No leaf blight appeared on the majority of the 
trees, and many varieties matured their fruit with little 
or no injury from the brown rot, while a few others were 
‘seriously injured. In the average season the use of the Bor- 
deaux mixture, as recommended in the spraying calendar 
in Bulletin 52, has been found to prevent even the serious 
injury of the fruit by the brown rot; and the past season, 
had one or two applications of the copper sulphate solution 
(one-fourth pound to fifty gallons of water) been made the — 
last of July or in early August, this loss might have been 
greatly reduced. The black knot has almost wholly suc- 
cumbed to the treatment outlined in the bulletin mentioned, 
and the most healthy and vigorous foliage is to be found 
upon all the trees. The varieties that show the greatest 
tendency to rot are Lombard, Washington, Gueii, Smith’s 
Orleans and Victoria. Those that show the least are Brad- 
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shaw, Prince Englebert, Kingston, Grand Duke, Reine 
Claude and Fellemberg. The amount of rotting of many 
varieties, however, is largely dependent upon the weather 
at the time of their approaching maturity, and only prompt 
and frequent spraying at this time will save the crop. 

Of the newer varieties, those that show the most promise 
are the Kingston, Lincoln and Fellemberg. 

Kingston. — Fruit very large, oval in form, slightly 
pointed at both ends, of the brightest blue color, firm in 
texture and very acid in quality; ripens late in the season 
and hangs a considerable time on the tree; very productive 
and valuable for canning, though it is rather large for this 
purpose. 

Lincoln. — Early, dark purple, of large size and very 
fine quality ; fruited but two years in the station orchards, 
but it seems very promising. 

Fellemberg. — This seems identical with a variety that 
we have had growing for nearly thirty years under the name 
of the German prune. It is a regular biennial bearer, but. 
never produces large crops. The fruit is of medium to 
large size, tapering at both ends. It is of deep purple 
color, a perfect freestone and of very good quality. Its 
great value lies in its long keeping and its fine canning 
qualities. 

The Japanese plums, from their rapid growth, great pro- 
ductiveness, early bearing and attractiveness, are being 
quite largely planted in nearly all sections of the country, 
and promise to be of considerable value to our fruit growers 
who do not succeed in growing the domestic varieties. The 
trees seem to be a little less subject to the black knot and 
the brown rot, but more subject to the shot-hole fungus, 
and are often seriously injured by the use of the copper 
solution and the arsenites. The fruit is attractive, and 
meets a ready sale; but whether the demand will be large 
enough to keep up with the increased planting that is going 
on, time only can determine. All of the varieties of re- 
ported value have been planted in the station orchard, 
forty-eight in all, many of which will fruit next summer for 
the first time, unless the fruit buds are destroyed by the 
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cold winter weather. In some cases these varieties are 
attacked by some disease similar to the peach yellows. Of 
the varieties that have been tested for several years in 
various sections of the country, the Abundance, Burbank, 
Red June and Satsuma have proved satisfactory. Of the 
newer varieties that are of very fine quality the Wickson, 
Hale and October Purple may be mentioned. 

The Satsuma has not ripened here so as to be of much 
value for table use, but from the deep-red color of its flesh 
it is especially valuable for canning. It seems to be weak 
in self-fertilizing qualities, and needs to be planted among 
other varieties for the best results in pollination. 


Oherries. 


The crop of cherries in the station orchard would have 
been unusually large but for the extremely hot and moist 
weather at the time of ripening, which caused the fruit to rot 
badly. The trees had been regularly sprayed with Bordeaux 
up to the time when it would disfigure the fruit, but there 
was not a sufficient quantity of the copper from this ‘to 
spread over the rapidly growing leaves and fruit. From 
results obtained here and from reports received from other 
stations, it is probable that spraying thoroughly ammed- 
ately after each rain, as the fruit begins to color, with the 
copper solution (four ounces of copper sulphate to fifty gal- 
lons of water), would largely prevent this loss. It is urged 
that the coming season those engaged in growing cherries 
should try this treatment. It must be borne in mind that 
the application should be made very soon after the rain 
ceases, as the spores of the brown rot germinate very 
quickly when placed in moisture, and it is to prevent this 
germination that the application is made. Heavy rains, 
especially if soon followed by dry weather, need be little 
feared, as they tend to wash the spores off the plants, though 
some may gain a lodgement in the axils of the leaves or in 
the calyx of the fruit or other places. The varieties most 
satisfactory were Governor Wood, Napoleon, Black Tar- 
tarian and Karly Richmond. 
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Grapes. 


Perhaps upon no fruit crop grown in New England is 
the certainty of protection by spraying so great as with 
the grape crop, when properly done, and upon which in- 
secticides and fungicides are so easily and cheaply ap- 
plied. Campbell’s Early, the only new variety fruiting 
that stands out as decidedly promising, produced fruit on 
several young vines. The growth of vine was satisfactory, 
the foliage free from disease, the fruit beautiful in appear- 
ance and of good quality. The compactness of bunch and 
firmness of berry will make it a good shipping grape, and, 
if it does not develop a tendency to disease, it will be a 
valuable addition to the few varieties that can be profitably 
grown in New England. It ripens as early or perhaps a 
little before Moore’s Early, and is much superior in quality. 
The varieties recommended for this section are Winchell or 
Green Mountain, Worden and Delaware. 


Currants. 


There is scarcely another fruit the merits of whose new 
varieties it is so difficult to decide as the currant, because 
of its great variation in size and productiveness under 
different conditions. All the new varieties of any prom- 
inence have been planted in the station plots, and those 
that stand out prominently as possessing merit are the 
Pomona, Wilder and the Red Cross; and, after three years 
fruiting, their value seems to be in the order given. The 
Pomona may be mentioned as of especial value, because of 
its superior quality. We have no records, however, to 
show that any of the above varieties wiil be more valuable 
for general cultivation than Fay’s Prolific or the Cherry. 


Blackberries. 

All of the prominent new varieties have been added to 
the list under trial, but none have thus far shown them- 
selves to be more valuable than the best older sorts, — the 
Agawam, Snyder and Taylor’s Prolific. On heavy soils, 
where the growth is large and furnishes an abundant soil 
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cover, thus keeping the ground cool, the first-named variety 
proves very satisfactory ; but when grown on light land it 
is of much less value. 

The Hidorado continues to do well, and compares favor- 
ably with the above-mentioned varieties ; but whether it will 
prove more valuable than any other, can only be detain? 
in large plantation. 

Raspberries. 

With the red raspberry there has been little or no prog- 
ress made in improved varieties. The Loudon, which, from 
its stocky growth, hardiness and fruit of good size, color 
and: quality, seemed very promising, has the past season 
shown a tendency to mildew of the leaves and young grow- 
ing canes. If this becomes general, it will greatly reduce its 
value. The seedlings produced from the seeds of the Shaffer, 
and referred to in a previous bulletin, have again fruited, and 
many of them show decided merit, some producing fruit of 
a bright scarlet color upon plants that propagate only from 
the tip of the cane, as does the Shaffer; while others pro- 
duce fruit of the Shaffer type that.propagate from suckers, 
like the common red raspberry. 


Strawberries. 


The past season was favorable for a large crop of fruit, 
but the extremely wet weather at the time of ripening caused 
much loss by rotting. The named varieties were planted in 
plots of twenty-five plants each, while the most promising 
of these are planted each season in rows under field culture. 
Of the varieties in plots (soil medium heavy loam), the 
Brandywine, Gandy Bell,’Glen Mary, Sample and Howard’s 
No. 14 gave the best results. Of those grown under field 
culture, on light land, the Clyde, Cumberland, Glen Mary, 
Howard’s Nos. 36 and 41 gave the best results. 


New Fruits. 


Several new species of raspberries, the strawberry-rasp- 
berry, Logan-berry, Salmon-berry, May-berry, etc., have 
been planted, some of which have fruited, but only two 
seem to possess any merit for this climate. The straw- 
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berry-raspberry is an herbaceous perennial, the top of which 
dies to the ground in the winter, but is followed by numerous 
shoots in the spring from underground stems, that bear most 
beautiful wine-colored fruit in abundance. This fruit is of 
a peculiar, insipid, though not unpleasant flavor, and may 
be the origin of new varieties with a more decidedly pleasant 
taste. Should such varieties be produced, and a system of 
cultivation be worked out by which a reasonably certain crop 
can be secured, it may prove a valuable addition to our list 
of hardy fruits. 

The Logan berry resembles the common dewberry or 
- running blackberry in habit of growth and form of fruit; 
but the latter is rather larger, and of a dark-red or mahogany 
color. It possesses a pleasant flavor, but the same obstacle 
to its general cultivation is met as with the dewberry, — that 
it is difficult to devise a method of cultivation and training 
that will give a large crop of fruit every year. 
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REPORT OF THE CHEMIST. 


DIVISION OF FOODS AND FEEDING. | 


J. B. Linpsey. © 
Assistants, KE. B. HOLLAND, F. W. Mossman, B. K. Jonzs, P. H. Smiru, Jr. 


Part J.— LABORATORY Work. 


Outline of Years Work. 


Part I].— Freping EXPERIMENTS AND DAtry 
STUDIES. | 


PAR Tr: 


EXTENT OF CHEMICAL WoRK. 


The laboratory work connected with this department has 
been much increased during the past year. We have re- 
ceived for examination 159 samples of water, 228 samples 
of milk, 17 samples of butter, 4 samples of oleomargarine 
and 81 samples of feed stuffs. The work in connection 
with this and other divisions of the Station has consisted 
of the analysis of 394 samples of milk, 26 samples of butter, 
292 samples. of fodders and 11 miscellaneous samples. In 
addition to the above, we have collected 754 samples of 
feed stuffs under the provisions of the feed law, of which 
663 samples have been examined. This makes a total of 
1,875 substances analyzed, as against 1,147 in 1897. There 
have also been carried on for the Association of Official Agri- 
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cultural Chemists, investigations relative to the best methods 
for the determination of potash, and of the different ingredi- 
ents in cattle foods, as well as a study of the most desirable 
methods to be employed in the estimation of sugar. It is 
hardly possible to express numerically the extent of this 
work. 


CHARACTER OF CHEMICAL WorRK. 


Water. — We have followed the same general line of in- 
vestigation as in former years, in the examination of waters 
sent by farmers and others. 

Whenever possible printed instructions are sent for sam- 
pling and sending the water. In making a report to the 
party, a printed form is used. Upon the form there is 
explained the meaning of the terms used, so that every 
one will have at least a general idea of what the analytical 
results are meant to convey. 

Those sending the samples have been advised promptly 
whether in our judgment the water was suitable for drink- 
ing and general domestic purposes. Whenever necessary, 
suggestions have been offered with the hope of improv- 
ing the family supply. We again caution everyone who 
depends upon wells and springs for their drinking water 
to have all sink drains, etc., remote from the well, and 
to keep the ground in the vicinity free from objectionable 
matter. Lead pipes should never be used in drawing water 
from wells. 

Milk. —Some of the milk sent to the station has been 
from farmers who ship their milk to the Boston market, 
and having been notified by the contractors that their article 
was below the legal standard, wished to ascertain if such 
was the fact, and if so, what could be done for its improve- 
ment. To such we have given the same advice as appeared 
in our last annual report, to which interested parties are 
referred. | 

Many farmers are now sending occasional samples of 
milk, cream and skim-milk to the station, to ascertain 
the amount of butter fat contained in them. These pro- 
ducers sell their milk to creameries, and they are desirous 
of knowing its quality for butter production. This is a 
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very encouraging sign, for it shows that the farmer really 
wishes to know the butter-producing capacity of his cows, 
and the efficiency of his separator, or Cooley creamer, in 
removing the fat from his milk. To all who desire, printed 
information is given, stating how to ascertain the yearly 
butter capacity of dairy cows. 

Much of the milk and butter analyzed in connection with 
our own experiments has been studied with a great deal of 
care. We have estimated the water, solids, fat, casein, milk 
sugar, and ash ina large number of samples. We have also 
made a very thorough examination of 26 samples of butter 
fat produced by cows employed in connection with our feed- 
ing experiments. There have been determined in duplicates 
or triplicates, volatile acids, specific gravity, melting point, 
and the iodine number. 

Cattle Feeds. — Our feed law has now been in operation 
about one and one-half years. We have made frequent in- 
spections covering the entire State, and have published two 
especially prepared bulletins giving the results of our in- 
vestigations. We have endeavored to make these bulletins 
as practical as possible, and judging from the way in which 
the bulletins,are received, it is believed that we have in a 
measure succeeded. During the spring of 1898 a consider- 
able quantity of adulterated cotton-seed meal was found in 
various sections of the State. Printed slips of warning 
were immediately sent to 100 newspapers in the State, and 
a concise circular was also mailed to every grain dealer, 
cautioning against its purchase. While meal of this char- 
acter generally has a darker appearance than the prime 
article, samples of inferior meal have recently been found 
having quite a bright yellow color. A number of reputable 
manufacturers now print a guaranty upon every package, 
and purchasers are strongly advised to buy only the guar- 
anteed article. The effect of the feed law has been to call 
the attention of all manufacturers to the necessity of brand- 
ing their products, and having them run as even as possible 
in composition. Many of the more reputable manufacturers 
are now placing a guaranty upon their feeds, and it is hoped 
others will soon follow. 
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Many new feeds are constantly being offered for sale in 
our markets. A number have appeared during the year 
1898. Our object is to secure samples of these materials 
promptly, and ascertain their feeding and comparative 
commercial values. For detailed information the reader 
is referred to Bulletins 53 and 56. 

Other Chemical Work. — The analyses of feed stuffs and 
manures in connection with the numerous digestion experi- 
ments carried on by this division, involves a considerable 
amount of time and effort, but because of this work we are 
enabled to state with a reasonable degree of accuracy the 
feeding and commercial values of the concentrated feeds 
sold upon the market, and of the coarse feeds produced 
upon our farms. 

It is the object of this division to assist the Association 
of Official Agricultural Chemists as much as possible in 
perfecting methods of chemical analyses, and in finding 
out methods for the estimation of the quantity and nutri- 
tive value of several of the newer carbohydrates. We 
spend whatever time can be had during each year in work- 
ing along these lines, believing it will be productive of 
much good in the future. During the past year we have 
given attention to the estimation of pentosans, starch and 
sugar in agricultural plants. 

The chemical work received from the agricultural division 
has very much increased during the past year. This work 
consists of the determination of dry matter in a large num- 
ber of plants, the estimation of starch in potatoes, the 
analyses of feed stuffs used in poultry experiments, and in 
general fodder analyses. This increased work is now 
severely taxing the resources of our chemical force. 
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A. CLEVELAND Fuax MEAL v. OLp-PRocEss LINSEED 
Meat For Earuy Lamps. 


Object of the Experiment. 


It has recently been claimed, by parties who grow early 
lambs for market, that the so-called new-process linseed 
meal (Cleveland flax meal) exerted an injurious effect upon 
the young lamb. Some claim that this meal did not favor 
growth, and others that it was the cause of frequent sudden 
deaths. On the other hand, it was stated that the old-process 
meal did not have these injurious effects, but favored rapid 
growth and fattening. The station was asked to throw 
some light on the subject, and conducted the following ex- 
periment in the winter and early spring of 1898. 


The Hxperiment. 


Six grade Southdown ewes were brought to the station 
barn the first week in February, and each placed in a sepa- 
rate pen six feet wide by fifteen feet long. The pens were 
separated by stout wire netting, thus enabling the animals 
to see each other. The ewes were all in fair condition, and 
in about two weeks’ time began to drop their lambs. Each 
lamb was weighed five days after being dropped. 

Daily Feed for the Ewes after Lambing. —Two pounds 
corn ensilage, rowen ad libitum, 1 pound grain mixture. 
The grain mixture* was gradually increased until each ewe 
received 24 pounds daily. This grain feed was kept up as 
long as the ewes would take it, and was then gradually 
reduced. The grain mixture, as will be noticed, contained 
about one-third of one of the two kinds of linseed meal. 

Daily Feed for the Lambs. —The pens were so arranged 
that the lambs gained access to a separate compartment, con- 
taining a mixture of grains. They soon learned to go in as 
soon as the feed was placed in the troughs. It was our aim 


* The grain mixture consisted of 7.5 pounds of old-process linseed or flax meal, 
7.6 pounds of bran, 5 pounds corn meal and 5 pounds gluten feed. 
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to feed them what they would eat daily: grain mixture 
No. 1, 7.5 pounds flax meal or old-process linseed meal, 
7.5 pounds bran, 10 pounds corn meal. 

After feeding this mixture for about two weeks, a second 
was fed, as follows: 10 pounds flax meal or old-process 
linseed meal, 5 pounds bran, 5 pounds corn meal. 

When the lambs each reached 40 pounds in weight, the 
mixture was again changed to: one-third flax meal or old- 
process linseed meal, one-third bran, one-third corn meal. 

It was our object to give the lambs as much of each of 
the two linseed meals as they would stand, and keep in a 
healthy, growing condition. / 

Care of the Lambs. — The lambs were kept in the pens 
with the ewes. As the season advanced, they were allowed 
the run of a large yard in the warmer part of sunny days. 


RECORD OF GROWTH. 


Flax Meal Lambs. 


sare =a le O&O a a ra 

a ogee (eet feos | S| 3s 
AS as as |Hacta| Boe > a 
© Es a Bury eo | Og os 
NUMBER oF Lams. ear e =, we | even ians'| o4 ma 
Fa & wo os 5 SPOS Aso a5 aah = 
gaa 25 oe leah | eee | om | ca 
oS ea oa Cur | Oar~ ss S'— 

A A wa |e E ce a 
Lamb No.8, .  . | March 3,| May 5, 62 15.25 67.00 | 51.75 83 
Lamb No.6, . - | March 1,| May 18, 78 10.25 57.50 | 47.25 .62 
Lamb No.7, . .|March  1,|May 25,|} 85 10.50 | 53.00] 42.50] .50 
Lamb No.1, . °* | February 25,| May 18, 82 9.50 47.50 | 38.00 46 
Lamb No.2, . . | February 25,| May 25, 89 9.25 41.00 | 31.75 36 
Average, . ° - ~ 79 10.95 53.20 | 42.25 04 


Old-process Linseed Meal Lambs. 


Lamb No. 5, . . | February 25, | April 29, 63 0 LB 52.25 | 40.50 64 
Lamb No. 3, . . | February 25, | May 18, 82 11.00 50.00 | 39.00 48 
Lamb No. 4, . - | February 25, | May 25, 89 8.75 44.50 | 35.75 -40 
Lamb No. 9, . - |March 19,| June 1, 74 10.25 52.25 | 42.00 57 
Lamb No.10, . - |March =  19,|June 1, 74 9.00 51.00 | 42.00 .o7 

Average, . 5 - - 76 10.15 ~ 0.00 39.85 53 


NotEe. — Lambs 6 and 7, 1 and 2, 3 and 4, 9 and 10, were twins. 
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The lambs were shipped to Ira C. Lowe of Greenfield, 
Mass., who slaughtered them, and reported on their condi- 
tion. He had no knowledge as to which lambs were fed the 
flax meal and which lambs were fed the old-process linseed 
meal ration. Lamb No. 8 was reported to be of extra 
quaility, Lamb No. 5 next in quality to No. 8, and the 
others of fair quality only. Looking at the average figures 
in the above tables, it will be seen that each lot of five 
lambs showed the same daily gain. Mr. Lowe noticed no 
particular advantage in favor of either lot. 


Results of the Hauperiment. 


As a result of our observations, we conclude : — 

That the flax meal had no injurious effect either upon the 
growth or dressed appearance of the lambs, and that both 
sets of lambs produced the same average daily growth, and 
were both in the same average condition when slaughtered. 


Remarks and Suggestions. 


It is well known to all growers of early lambs, that in 
order to secure a rapid growth of the lamb, the ewe should 
be thrifty, and a good milker. A liberal feeding will aid in 
keeping up a continuous flow of milk. . The early growth 
of the lamb will depend very much on the constitution it 
inherits, and upon its success in obtaining a large supply of 
milk. Easily digested nitrogenous feed stuffs will unques- 
tionably assist in producing quick growth, but they are 
secondary to the milk supply. This is quite forcibly illus- 
trated in case of our experiments as described above. Lamb 
No. 8 was single, and its mother was an excellent milker. 
The lamb was above the average in size and vigor when 
dropped. He grew rapidly, showing .83 of a pound gain 
per day. It was noticed that this lamb did not consume very 
large amounts of grain, although he had a constant oppor- 
tunity. He derived the larger part of the food necessary 
for his growth from his mother. Lamb No. 5 was also a 
single lamb. He made a very good growth, but the ewe 
was not as good a milker as the previous one. This lamb 
took more grain than did No. 8, but was not able to make as 
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rapid growth. The other lambs were twins. They did not 
grow as rapidly as did the single lambs, because of the lack 
of milk, although they ate quite freely of the grain mixtures. 
Lambs Nos. 6 and 7 came from a good milker, and they 
were also quite vigorous and hearty eaters. 

In addition to inherited constitution and plenty of milk, 
it is very essential, in order to secure rapidity of growth, 
that early lambs should be housed in a warm, dry barn, and 
have a maximum amount of sunlight from a southern ex- 
posure. 


B. Corn Meat v. Hominy Mean, and Corn MEAL v. 
CEREALINE FEED FOR GROWING PIGs. 


Experiment J.—Corn meal v. hominy meal. 
Experiment IT.— Corn meal v. cerealine feed. 
Experiment IIT.— Corn meal v. cerealine feed. 


Objects of the Hxperiments. 


Skim-milk is a very valuable feed for growing pigs. It 
is a digestible, nitrogenous feed stuff. Of itself it is not a 
complete food, being deficient in solid matter as well as in 
carbohydrates (starchy material). In order to make a com- 
plete food, carbohydrate feeds are necessary to properly 
balance the daily ration. A combination of skim-milk and 
corn meal (1 quart milk and from 3 to 6 ounces of meal) 
has been found to make a most excellent feed for rapid 
growth. The object of the above-mentioned experiments 
was to get at the feeding values of hominy meal and cerea- 
line feed, when compared with corn meal, for this purpose. 

What Hominy Meal is.— Hominy meal consists of the 
hulls, germ and some of the starch and gluten of the corn, 
ground together. This separation is said to be brought 
about solely by the aid of machinery. The hard, flinty 
part of the corn is the hominy, which is used as a human 
food. . 

What Cerealine Feed is. — This feed consists also of the 
hull and a portion of the starch of the corn. It contains 
rather less of the starch than does the hominy meal. It is 
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the by-product resulting from the preparation of the break- 
fast preparation known as cerealine flakes. It is very coarse 
looking, and appears much like unground corn hulls. 


Results of Hxperiments. 


1. Hominy meal produced 5 to 7 per cent. more growth, 
when fed to pigs in connection with skim-milk, than did corn 
meal. This difference was probably due to the dryer condi- 
tion of the hominy meal, and nearly disappears’ when the 
meals are compared on a basis of dry matter they contained. 

2. In view of the fact that Pig IV. was thrown out of 
the experiment, we should hesitate to say that the hominy 
meal had proved itself in any degree superior to the corn 
meal. This experiment would seem to indicate, however, 
that pound for pound, as found in the market, the hominy 
meal is at least fully as valuable as the corn meal. 

3. In the two experiments with cerealine feed and corn 
meal, the corn meal produced 5 per cent. more growth than 
did the cerealine feed. Corn meal constituted but 62 per 
cent. of the dry matter of the ration; and, if 62 per cent. 
of dry matter of the ration in the form of corn meal pro- 
duced a gain of 5 per cent., 100 per cent. of corn meal— 
é. g., its full effect — would show an 8 per cent. gain. 

4. We think we are justified in saying that corn meal is 
from 5 to possibly 10 per cent. more valuable than cerealine 
feed for use in connection with skim-milk for growing pigs. 

5. Cerealine feed might prove equal to corn meal as a 
feed for milch cows, as digestion experiments with sheep 
have shown it to contain as much digestible matter as corn 
meal. It is very probable that pigs are not able to digest 
the hulls of the corn as well as other animals. 

6. Because of the important part played by the individ- 
uality of the animal, we are frank to confess that a larger 
number of pigs would be desirable in conducting experi- 
ments of this kind. We feel confident, however, that these 
experiments give a fairly accurate representation of the 
comparative values of the several feed stuffs. 
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Eaperiment I. —Corn Meal v. Hominy Meal. 


Nov. 28, 1896, to March 1, 1897 (98 Days). — Eight 
gerade Chester White pigs, all of the same litter, were pur- 
chased in October. They were first fed skim-milk alone, 
and finally divided into two lots, and corn or hominy meal 
added to the skim-milk diet. Pigs Nos. I. and II. were 
together in one pen, and so were pigs Nos. VII. and VIII. ; 
the others were in separate pens. Pig IV. was taken sick 
during the experiment, and his record is not considered. 
Each pig was allowed from 7 to 10 quarts of skim-milk 
daily, and from 3 to 6 ounces of grain for each quart of 
milk, the quantity depending on the appetite and stage of 
growth of the animals. As the pigs advanced in age and 
growth, the quantity of grain was increased, thus furnishing 
an increased food supply and an increasing amount of carbo- 
hydrates. 


TOTAL FEEDS CONSUMED. 
Corn Meal Lot. 


SKIM-MILK CONSUMED. GRAIN CONSUMED. 
NUMBER OF Pia. 
Dry Dry 
Quarts. Pounds. Matter riakate bh Matter 
(Pounds). * | (Pounds). 
BipeNo Vis). ‘ ‘ ‘ 884.00 1,927.12 183.08 255.44 D2 3020 
Pig No. VI.,. : 3 F 883.00 1,924.94 182.87 255.44 223.25 
Pigs Nos. VII. and VIII., . 1,766.00 3,849.88 865.74 510.88 446.50 
Totals, . : - 3,533.00 7,701.94 731.69 1,021.76 893.00 
Averages, ° ° : 883.25 1,925.49 182.92 255.44 228.25 
Hominy Meal Lot. 
SKIM-MILK CONSUMED. GRAIN CONSUMED. 
NUMBER OF Pi@4. Dry Hominy Dry 
Quarts. Pounds. Matter Meal Matter 


(Pounds). |} (Pounds). | (Pounds). 


Pigs Nos.I.andII., . : 1,768.00 3,854.24 366.15 255.06 470.23 
Pig No. III., ° . ° 883.00 1,924.94 182.87 255.44 235.46 
Totals, . . . . 2,651.00 5,779.18 549.02 765.56 705.69 


Averages, . : ° 883.67 1,926.39 183.01 255.19 235.23 
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The above tables show that each lot of pigs consumed 
identical amounts of skim-milk, and very nearly equal 
amounts of grain. The hominy meal lot ate about 12 


pounds more of dry grain per pig, than did the corn meal 
lot. 


TOTAL GAIN IN LIVE WEIGHT. 


Corn Meal Lot. 


Weight at -| Weight at | Total Gain | Daily Gain 

eginning o End o ’ ip n 

NUMBER oF Pic. Experiment | Experiment | Live Weight} Live Weight 
(Pounds). (Pounds). (Pounds). (Pounds). 


Pig Moe iV essen ee ae 54.50 184.25 129.75 1.32 
Pic Non VE nual me 58.25 167.00 130.25 1.33 
Pigs Nos. VII.and VIII, . .| 109.25 | ieee 243.00 2.48 
otals.y. aus Heias lees duew hie mneeeeen 725.00 | 503.00 5.18 
Averages, . 5 . ° 55.50 181.25 125.75 1.28 


Hominy Meal Lot. 


Pigs Nos.I.andII., . 5 > 115.50 387.25 271.75 2.77 


Pigs Deg ey ee Gh. Team ede 57.75 > 196.00 138.25 1.41 
PR Ot Les se tt tae halk aethPhaw is 173.25 583.25 410.00 4.18 
AVETABERS fuente ie 57.75 194.42 1386.66 1.39 


f 


One notes a very slight difference in favor of the hominy 
fed lot, this being caused perhaps by the slightly increased 
amount of actual dry matter found in the hominy meal. : 

By referring to the table, it will be noticed that each 
pig received 223.25 pounds of perfectly dry corn meal and 
235.23 pounds of perfectly dry hominy meal. 
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ToTAL GAIN IN DRESSED WEIGHT. 


Corn Meal Lot. 


Dressed Computed 
Weight at |Dressed Weight) Total Gain in | Loss in Weight 
NUMBER OF Pie. End of at Beginning {Dressed Weight| in Dressing 
Experiment | of Experiment (Pounds). (Pounds). 
(Pounds). (Pounds). , 
Pig No. V., - : - 150.50 44,52 105.98 18.31 
Pig No. VI., “ieee 154.25 47.67 106.58 18.17 
Pigs Nos. VII. and VIII., 287.25 89.09 198.16 18.45 
Totals, . . . r 592.00 181.28 410.72 54.83 
Wverages;) 5) stk | 148.00 45.32 102.68 18.28 


Hominy Meal Lot. 


Pigs Nos. I.andII., . : 306.00 91.25 214.75 20.89 
Pig No. III., . . 5 152.00 44.79 107.21 22.45 
Totals, . : = : 458.00 136.04 321.96 43.34 
Averages, . ° ° 152.66 45.35 107.32 21.67 


Dry MATTER REQUIRED TO PRODUCE ONE POUND OF LIVE AND 
DRESSED WEIGHT. 


Corn Meal Lot. 


Live Weight |Dressed Weight 
NGMBER OF Prd. (Pounds). (Pounds). 
Pig No. War . . . . . . . . ° e 3.13 3.84 
Pig No. VI., . . . ° ° . rats ; “ 3.12 3.81 
Pigs Nos. VII.and VIII.,_ . - : : 7 - 3.34 4.09 
Averages, . s 5 ° 2 - ° : 2 3.20 3.91 
Hominy Meal Lot. 
Pigs Nos. I. and II., - : . : : ° - : 3.08 3.89 
Pig No. III., . : ° - . ° ° ° ° - 3.03 3.90 
Averages, . 5 ° : . e . ° = ° 3.06 3.89 


\ 
The very slight difference between the gains in the two 
lots is within the limit of error. 
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Huperiment II. — Corn Meal v. Cerealine Feed. 

April 12 to July 26, 1897 (106 Days). — The six pigs 
used in this experiment were grade Chester Whites, about 
five weeks old when purchased, March 2. They were 
brought into separate pens April 1, and the experiment 
began April 12. Each pig was fed 6 to 9 quarts of skim- 
milk daily, together with 3 ounces of grain for each quart 
of milk. The amount of grain was gradually increased as 
the animal demanded it, until some 4 pounds daily were 
fed. The milk never exceeded 9 quarts per day. 

At the beginning of the experiment the animals were 
receiving 1 part protein to 3 parts carbohydrates. The 
ration was gradually widened, until towards the close of 
the experiment the nutritive ratio was as 1 to 7. The corn 
meal heated during the latter part of the experiment, and 
became somewhat musty. 


TOTAL FEEDS CONSUMED. 
Corn Meal Lot. 


SKIM-MILK CONSUMED. GRAIN CONSUMED. 
NUMBER OF Pi@4. Dry Cond He Dry 
Quarts. Pounds. Matter Pounds) Matter 
(Pounds). ( * | (Pounds). 
Pig No. L.,. i : é 738.00 1,608.84 152.84 243.63 204.98 
Pig No. IL.,. ¢ : ‘ 738.00 1,608.84 152.84 243.63 204.98 
Pig No. III.,« 4 ; . 738.00 1,608.84 152.84 243.63 204.98 
Totals, . 5 i i 2,214.00 4,826.52 458.52 730.89 614.94 
Averages, ° fF . 738.00 1,608.84 152.84 243.63 204.98 
Cerealine Feed Lot. 
SKIM-MILK CONSUMED. GRAIN CONSUMED. 
NUMBER OF Pia, Dry Cerealine Dry 
Quarts. Pounds. Matter Feed Matter 


(Pounds). || (Pounds). | (Pounds). 


Pig No. LV.,. c . . 738.00 1,608.84 152.84 243.63 214.39 


Pig No. V.,. ° . ; 738.00 1,608.84 152.84 243.63 214.39 
Pig No. VI.,. 3 - - 738.00 1,608.84 152.84 | 243.63 214.39 » 
Totals, . s -| 2,214.00 4,826.52 458.52 730.89 643.17 
Averages, , 5 3 738.00 1,608.84 152.84 243.63 214.39 
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Some 10 pounds more dry cerealine feed were consumed 
per pig than corn meal during the experiment, due to the 
dryer condition of the cerealine feed when fed. 


TOTAL GAIN IN LIVE WEIGHT. 
Corn Meal Lot. 


Weight at Weight at Total Gain | Daily Gain 
Beginning of End of in in 
NUMBER OF Pra. Experiment | Experiment | Live Weight | Live Weight 
(Pounds). (Pounds). (Pounds). (Pounds). 


Mee 61.25 188.00 186.74 1.29 

MMMM. 48.50 184.00 135.50 1.28 

re 43.25 184.25 141.00 1.33 
MMM GEES ote bia} 148.00 556.25 413.25 3.90 
ES 47.67 185.42 137.75 1.30 


Cerealine Feed Lot. 


0 44.00 175.50 131.50 1.24 

eee ef 41.00 170.50 129.50 1.22 

ee 49.25 186.00 136.75 1.29 
1 134.25 532.00 397.75 3.75 
es 44.75 177.38 132.58 1.25 


A slight gain in favor of the corn meal lot is noted. 


Dry MATTER REQUIRED TO PRODUCE ONE POUND oF LIVE AND 
DRESSED WEIGHT. 


Corn Meal Lot. 


Live Weight |Dressed Weight 
NUMBER oF Pia. (Pounds). (Pounds). 
BigiNo.. Tis. ‘ : f Z - : : 8 2.62 3.28 
Pig No. 11) (Ae . es . . . . . . . . 2. 64 3.30 
Pig No. LE, ° . . . . . . . . . 2.54 a Uy 
Averages, . ° ° ° . . . ° ° : 2.60 3.25 
Cerealine Feed Lot. 
Pig) NowrV.;: i : - rs A 3 3 : < 2.79 3.49 
ek Sard ohare 2.84 3.54 
TS a laa he + a Selon # | ent fe 2.69 3.87 


Averages, . ° . 3 “ . 2 ° : - 2.77 3.46 
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The above figures show a slight difference in favor of the 
corn meal, rather less dry matter in corn meal being required 
to make a pound of growth than in cerealine feed. 


KHaperiment III. — Corn Meal v. Cerealine Feed. 
Oct. 25 to Jan. 10, 1898 (78 Days). — The six pigs 


employed in this experiment were a cross between the 
Poland-China and the Chester White. They were received 
early in September, when five weeks old, and allowed the 
run of a large pen out of doors until October 20, when they 
were placed in separate pens in the feeding barn, and divided 
as equally as possible into two lots. They were in a very 
vigorous condition. In this experiment the cerealine feed 
heated towards the close of the experiment. It was shovelled 
over and dried at once when this condition was observed, 
and the experiment continued. The pigs ate it with seem- 
ing relish at all times. 


TOTAL FEEDS CONSUMED. 
Corn Meal Lot. 


SKIM-MILK CONSUMED. GRAIN ConsuMED. 
NUMBER OF PIG 

; Dry Dry 

Quarts. Pounds. Matter peter Matter 
(Pounds). * | (Pounds). 
Pig Nos lVi. cs heehee 468.00 1,020.24 96.92 226.50 | 197.06 
Pig No. V.,. : . 3 468.00 1,020.24 96.92 226.50 197.06 
Pig No. VI.,. P § if 468.00 1,020.24 96.92 226.50 197.06 
Totals, . Z i ; 1,404.00 3,060.72 290.76 679.50 591.18 
Averages, . : . 468.00 1,020.24 96.92 226.50 197.06 
Cerealine Feed Lot. 
—4—__—__— 

SKIM-MILK CONSUMED. GRAIN CONSUMED. 

NUMBER OF Pia. | Dry Cerealine Dry 
Quarts. Pounds. Matter Feed Matter 


(Pounds). || (Pounds). | (Pounds). 


Pig No. I., ° ° . 468.00 1,020.24 96.92 226.50 201.59 


Pig No. II., ° . . 468.00 1,020.24 96.92 222.50 198.03 
Pig No. IIl., 5 ° : 468.00 1,020.24 96.92 226.50 201.59 


———— | ee 


Averages, . ° é 468.00 1,020.24 96.92 225.20 200.40 
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The amount of feed consumed by the two lots is practi- 
cally identical. 
: TotaL GAIN IN LIvE WEIGHT. 


Corn Meal Lot. 


‘ Weight at ; vise at Total Gain | Daily Gain 
Beginning o nd of in in 
NUMBER oFr Pia. Experiment | Experiment | Live Weight | Live Weight 
(Pounds). (Pounds). (Pounds). (Pounds). 


Pig No. IV.,. ° . : . 68.50 172.50 104.00 1.33 
Pig No. V.,. . . : . 67.75 172.00 104.25 1.34 
Pig No. VI.,. . . p : 66.75 173.00 106.25 1.36 
Totals, . . . ° . 203.00 517.50 314.50 4.03 
Averages, . . ° 67.67 172.50 104.83 1.34 


Cerealine Feed Lot. 


Pig No. I.,. “ . é 73.75 169.00 95.25 1.22 
Pie No. If.,. - : . ; 57.25 150.00 92.75 1.19 
Pig No. III., . ° . - = 68.75 174.00 105.25 1.35 
Totals, . ° . “ C 199.75 593.00 293.25 3-76 
Averages, . : “ : 66.58 164.33 97.75 1.25 


Each pig in the corn meal lot shows an average gain of 7 
pounds over the cerealine feed pigs. This might partly be 
accounted for by reason of the poor condition of the cereal- 
ine feed, already mentioned. 


Dry MATTER REQUIRED TO PRODUCE ONE PoUND LIVE AND 
DRESSED WEIGHT. 


Corn Meal Lot. 


Live Weight |Dressed Weight 
NUMBER OF Pia. (Pounds). (Pounds). 
Pig No. IV., . . 2.83 3.53 
Pig No. V., . . . . . . ° e . ° 2.82 BEY 
SE ee 2.77 3.42 
Averages, . . . A ° - ~ ‘ . 2.81 3.49 
Cerealine Feed Lot. 
Pig No. BS . . . . . . . . . . se 13 F 3.91 
Puno. Tr. 2. Bee's ab ore . Pat . 3.18 3.98 
Pig No.III., . ° . . ° ° . . C . 2.84 3.55 


Averages, . - - ° “ 5 a ° d 3 3.05 3.81 
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The dry matter required to produce a pound of gain con- 
firms the results given in the tables under gain in live 
weight, and shows that in this experiment a pound of live 
weight was produced by } of a pound less of absolutely dry 
corn meal than of dry cerealine feed. The conclusions from 
these three experiments have already been given on page 108. 


Composition of Feeds (used in Three Feeding Experiments). 


sus EXPERIMENT I. EXPERIMENT II. EXPERIMENT III. 
Bad aan ih : ; es 7 nt ee 
MO Pian el Rae ee eae at om 
SEPARATE ons os ss we pas 2 O43 ee 
INGREDIENTS oF | 0= 6 as o 36 38 oe a5 a 
FEEDS. Bre bO sO | go 89 ) F-16) 
Mad 29 a5 ° o eo ag ao 
cee) s&| 8 | e8| 28) #8] 58 | 88 
5 ss Ss) Si 5 i) fs) 
Water, 90.50 12.68 7.82 20.00 14.00 12.00 13.00 11.00 
Protein, 5 e - 8.78 10.59 8.86 9.03 9.55 9.64 10.96 
Fat, . ° ° - 4.08 8.50 2.18 2.15 6.60 3.59 6.30 
Extract matter, . - 71.73 65.46 65.80 | 71.68 | 65.23 70.80 64.55 
Bibra ae ek af 1.42 4.11 1.82} 1.81| 4.40 |] 1.70 | 4.86 . 
Ash, . C 5 - 1.36 3.52 1.34 1.33 2.22 1.27 - 2.83 
Totals, . 4 - 100,00 100.00 100.00 | 100.00 | 100.00 || 100.00 | 100.00 


C. Tue Cost or PorK PRODUCTION. 


In a section of our State the cream from the milk pro- 
duced upon the farm is sold to the creamery, and the skim- _ 
milk is either fed to pigs or calves. A large number of 
experiments have been made at this station with growing 
pigs. The pigs averaged from 37 pounds in weight at the 
beginning of the experiments to 183 pounds when slaugh- 
tered. The daily rations have been essentially as follows : — 

I. From 5 to 7 quarts of milk per day; and, beginning 
with 3 ounces of corn meal to each quart of milk, the grain 
has been gradually increased to satisfy the appetite of the 
animal. 

II. About the same quantity of milk, and, instead of the 
corn meal, other carbohydrate foods, such as ground rye, 
wheat, hominy meal, cerealine feed and oat feed, to satisfy 
appetites. 

III. About the same quantity of milk, together with 3 
to 6 ounces of corn meal to each quart of milk, and a 
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mixture of one-third wheat bran, one-third gluten meal 
and one-third corn meal, to satisfy appetites. 

More exact statements of rations will be found farther on. 
We rarely had more than from 5 to 7 quarts of milk daily 
for each pig. The animals did well with this amount of 
milk; if they did not secure this quantity, their growth was 
noticeably slower. 


Explanation of Tables. 


As a result of these various experiments, we have en- 
deavored to ascertain : — 

1. The price that skim-milk has returned per quart. 

2. The cost of feed required to produce a pound of live 
or dressed weight, taking the various grains at a reasonable 
range of market prices, and allowing either + or $ cent per 
quart for the milk. 

In tables I., II. and III. will be found the results where 
milk and corn meal have been fed. 

Tables IV., V. and VI. will show the results where milk 
and other starchy (carbohydrate) feeds have been substi- 
tuted for the corn meal, such as hominy or cerealine feeds, 
rye and wheat meals (‘‘ grain”). 

Tables VII., VIII. and IX. show the results where milk 
and corn meal were fed, and, in addition, wheat bran, gluten 
meal, etc. (‘‘ other grains”). 

Tables X. and XI. show the average of all the preceding, 
being the results with 140 pigs, weighing 37 pounds at the 
beginning, and 183 pounds at the close of the experiments. 


Tasie I. — Milk and Corn Meal. 


FEEDS CONSUMED, ETC. | Quarts. | Pounds. 
Total milk consumed by 21 pigs, . 5 ‘ - 16,421 35,797.78 
Total corn meal consumed by 21 pigs, . 4 ‘ . . - 5,531.10 
Live weight, actually gained, . > - 3 - ° . - 3,012.25 


Dressed weight, calculated, : 6 ‘ ; A 4 ~ 2,409.80 
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Tas_e II.— Price obtained for Skim-mitk. 


WiTH CorRN MEAL | WiTH CORN MEAL || W1TH CoRN MEAL 


AT $15 PER AT $17.50 PER AT $20 PER 
TON, AND DRESSED || TON, AND DRESSED || TON, AND DRESSED 

PoRK AT — PorK AT— PORK AT — 
PRICE RETURNED is ve Del pel il pi vl Pe a 
Ae Z| S| eB .2) 2) st] .2| =| 2 
SKIM-MILK. as S| as] 38| ,2| as | 28) .2| es 
=) go oo qo os vo qo Pole) oo 
@ Ay oA DO Ay oy Ay Oy ® Ay Ay OAy 
Du D 5, oe Ow D 3, cu Ow Og qh 
22 Oo > o a) Do oo oo Do > o 
ont - om -_ -_— om <4 m_~ ow 

Fy m mM Ey mM ™m Fy 0) D 


Per quart (cents), . 48 


for) 
(ox) 
“1 
= 
e 

r= 
— 
es 

o 
Qo 


-73 39 
Per 100 pounds (cents), | 22.02 | 28.90 | 35.37 || 20.19 | 26.61 | 38.48 || 17.89 | 24.77 | 31.19 


or 
rs 
fo) 
© 


TaBLeE III. — Cost of Feed per Pound of Growth produced. 


Live Weight |Dressed Weight 


(Cents). (Cents). 
With corn meal at $15 per ton, and milk at } cent per quart, 2.74 3.44 
With corn meal at $15 per ton, and milk at 4 cent per quart, 4.11 5.13 
With corn meal at $17.50 per ton, and milk at § cent per quart, 2.98 3.72 
With corn meal at $17.50 per ton, and milk at 4 cent per quart, 4.33 ey tl 
With corn meal at $20 per ton, and milk at } cent per quart, 3.21 4.02 


With corn meal at $20 per ton, and milk at } cent per quart, 4.59 5.71 


Taste IV. — Milk and Different Starchy Feeds. 


FEEDS CONSUMED, ETC. | Quarts. | Pounds. 
Total milk consumed by 22 pigs, . 2 5 - = 5 13,153 28,630 
Total ‘* grain’? consumed by 22 pigs, é . c 4 F - 5,135 
Live weight, actually gained, . : c 0 : oe) ia - 2,597 


Dressed weight, calculated, . 5 : 4 2 5 - 2,078 
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TasLe V.— Price obtained for Skim-milk. 


WITH “GRAIN” AT || WITH “ GRAIN”? aT || WITH “ GRAIN”? AT 
$15 PER $17.50 PER $20 PER 
Ton, AND DRESSED || TON, AND DRESSED || TON, AND DRESSED 
PoRK aT— PORK aT— PORK AT — 

PRICE RETURNED vs pice Neia ile ay ps ply ms ie oe 
aos | 2] sf] .2| 2] sf] 2] 2] 3% 
SKIM-MILK. 25 = ae BE, Ci ee eg Bs 3s | ag 
ao 2S) ee) ao eS Ce) ao be) CS) 
oA, any Oo o Ay Ay Om @ Ay gy Om 
On Si ah Ox ee gh Om ike ah 
oo Do oo oo Oo oo a) Do oo 
> & oy > pb a FS > S pq Pa > 
— SS Kho om —_—~— —_— ~~ ow —_ WS on ow 

i mM m Fy mM mM Fy mM mM 

| 

Per quart (cents), “ -50 65 81 45 | -60 76 40 -56 87 


Per 100 pounds (cents), | 22.90 | 30.10 | 37.10 20.00 | 21.8 35.10 || 18.35 | 25.69 | 39.91 


TaBLe VI.— Cost of Feed per Pound of Growth produced. 


Live Weight |Dressed Weight 
(Cents). (Cents). 

With “ aaa ” at $15 per ton, and skim-milk at } cent Ber 

quart, 2.75 3.43 
With “ grain at $15 per ton, ‘and skim-milk at : cent per 

quart, 4.01 5.01 
With * ‘grain ” at "git. 50 per ton, and skim-milk at } x cent per 

quart, 3.00 3.75 
With “* grain si at $17. 50 per ton, and ekim-milk at3 F cent per 

quart, 4.26 5.32 
With ‘ grain at $20, per ‘ton, “and skim-milk at i cent per 

quart, 3.24 4.05 
With “ grain at $20. per ton, | ‘and skim-milk at 2 4 cent per 

quart, ° ° . : “ . ° 5 4.51 5.63 


TasBLe VII. — Milk, Corn Meal, Bran, Gluten Meal, etc. 


FEEDS CONSUMED, ETC. | Quarts. | Pounds. 
Total milk consumed by 97 pigs, . : - - ‘ : 62,319 135,885 
Total corn meal consumed by 97 pigs, . - - - 4 - 21,602 
Total “ other grains ’’ consumed by 97 pigs, . 3 - ° ~ 12,663 
Live weight actually gained, . 4 : . * A : - 15,080 


Dressed weight calculated, - a , : : 2 - 12,064 
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Taste VIII. — Price obtained for Skim-milk. 


Wi1TH Corn MEAL 


Wits Corn MEAL at|| Wita Corn MEAL 


AT $15 PER TON, $17.50 PER TON, AT $20 PER TON, 
“OTHER GRAINS” AT |\*SOTHER GRAINS” AT||‘OTHER GRAINS”’ AT 
$17.50 PER $20 PER $22.50 PER 
TON, AND DRESSED || ToN, AND DRESSED '| TON, AND DRESSED 
Prick OBTAINED PoRK AT— PORK AT— PORK AT — 
Mok os Sid ae Nek pA = Be a A on 
SKIM-MILK. cs) Si) urs cs) ce] es) cs) 3 ae 
oe EW al genet Is of q sey o rs | 2a 
25 ihe a5 25 Lhe as 2s hg as 
ao oO oo ee) ww Oo oo =e) aS Ce) 
@ Ay = Ay Oy oo, Ay OA oA, | gAy Oa 
Ox © a ou ie) he cd [on toe) Ox 2 i ae 
ae Oo > o oo OTs) > o » ® Do oo 
BS) eS) Fe Sa) we | ees Bee 
Fy a @ Fy 7) D Fy nD m 
Per quart (cents), 4 53 72 92 45 65 85 39 59 -78 
Per 100 pounds (cents), | 24.30 | 33.20 | 42.10 || 21.20 | 30.00 | 39.00 || 18.00 | 27.00 36.00 


TaBLE IX. — Cost of Feed per Pound of Growth produced. 


With corn meal at $15 ‘* other era ” at $17.50 and milk at 
3 cent per quart, 

With corn meal at $15 ue other grains WY at $17. ‘50 and milk at 
2 cent per quart, 

With corn meal at $17. 50 “ other grains ” at $20 and milk at 
% cent per quart, 

With corn meal at $17. 50 “ other grains % at $20 and milk at 
4 cent per quart, . 

With corn meal at $20 * other grains 2a at $22. ‘50 and milk at 
% cent per quart, 


With corn meal at $20 « other grains id at de 50 and milk at 


% cent per quart, ° ° . ° ° ° 


ac 


Live Weight |Dressed Weight 


(Cents). (Cents). 
2.84 3.55 
3.87 4.84 
3.13 3.90 
4.16 5.20 
3.41 4.26 
4.44 5.55 


TaBLe X.— Price obtained for Skim-milk (All Haperiments). 


Wits Corn MEAL | WitTH Corn MEAL WitH Corn MEAL 
AND OTHER AND OTHER AND OTHER 
Strarcuy Foops at ||StarcHy Foops at || StarcHy Foops At 
$15 PER Ton, $17.50 PER TON, $20 PER TON, 
“OTHER GRAINS” aT ||** OTHER GRAINS” AT!|‘‘ OTHER GRAINS”? AT 
$17.50 PER $20 PER o $22.50 Re i 
TON, AND DRESSED || TON, AND DRESSED ON, AND DRESSED 
AVERAGE PRICE e ’ “Bi , a 
OBTAINED PoRK AT— PoRK AT PoRK AT 

FOR SKIM-MILK. ee pes ws ie Be ee pe bey es 
ne) 

z Slee Z @ ae 3 31 25 
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TaBLe XI. — Average Cost of Feed per Pound of Growth produced. 


Live Weight |Dressed Weight 


(Cents). (Cents). 

With corn meal at $15 ‘‘ other grains”? at $17.50, milk at 4 

cent per quart, . 2.78 3.47 
With corn meal at $15 s6 other grains” at $17. 50, * milk at 1 

cent per quart, . 4.00 4.99 
With corn meal at $17. 50 “ other grains r at $20, ‘milk at i 

cent per quart, . : 3.04 3.79 
With corn vee at $17. .50 “ other grains ” at $20, ‘milk at 3 

cent per quar . 4,25 5.31 
With corn sat at $20. “ other grains ” at $22 50, ‘milk at } 

cent per quart, . : 3.63 4.53 
With corn meal at $20 “ other grains” at t $22. 50, ‘milk at 3 

cent per quart, . . 2 4.51 5.63 


D. Rartrions FoR GROWING PIGs. 


Ration No. I.— With Unlimited Supply of Milk. 


WEIGHT OF Pies. RATIONS. 


20 to 60 pounds, .| 3 ounces of corn meal * to each quart of milk. 
60 to 100 pounds, .| 6 ounces of corn meal to each quart of milk. 


100 to 180 pounds, . | 8 ounces of corn meal to each quart of milk. 


Ration No. Il. — With Limited Supply of Milk (5 to 6 quarts per 
Pig daily). 


WEIGHT OF Pigs. RATIONS. 


20 to 60-pounds, . 


} 
| : , 
3 ounces of corn meal* to each quart of milk, and then gradually in- 
60'to 100 pounds, f crease corn meal to satisfy appetites. - 

J 


100 to 180 pounds, . 


* Wheat, rye or hominy meals can be substituted for corn meal. 


Ration No. III. 


WEIGHT oF Pigs. RATIONS. 


20 to 60 pounds, .| Milk at disposal, plus mixture of one-third corn meal, one-third wheat 
bran and one-third gluten meal, to satisfy appetites. 
60 to 100 pounds, .| Milk at disposal, plus mixture of one-half corn meal, one-quarter wheat 
bran and one-quarter gluten meal, to satisfy appetites. 
100 to 180 pounds, .| Milk at disposal, plus mixture of two-thirds corn meal, one-sixth 
wheat bran and one-sixth gluten meal, to satisfy appetites. 
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Ration No. IV.* 


WEIGHT OF PI@as. RATIONS. 


20 to 60 pounds, .| 3 ounces of corn meal to each quart of milk, and 4 ounces of gluten 
feed as a substitute for quart of milk. 
60 to 100 pounds, .| Milk at disposal, and mixture of one-half corn meal and one-half gluten 
feed, to satisfy appetites. 
100 to 180 pounds, .| Milk at disposal, and mixture of two-thirds corn meal and one-third 
gluten feed, to satisfy appetites. 


* This ration is preferable to Ration No. II. 


E. EXPERIMENTS WITH SALT Hay. 


The extensive series of experiments carried on to ascer- 
tain the nutritive value of different kinds of salt hay were 
completed and the experiments and results published in 
Bulletin No. 50, in January, 1898, to which the reader 
is referred for all details. 


FEF. EXPERIMENTS TO ASCERTAIN THE EFrrecr oF DIr- 
FERENT AMOUNTS OF PROTEIN UPON THE COST AND 
QuaLity oF Minx. 


During the winter of 1897-98 two experiments, with 
twelve cows, were carried out, to investigate the effect 
of 1.50, 2 and 2.50 pounds of protein upon the cost and 
quality of milk. The total amount of digestible nutrients 
fed daily was the same in each case. Experiment I. ex- 
tended over nine weeks and Experiment II. over four 
weeks. ‘This work has not been published. About 5 per 
cent. more milk was produced on 2 pounds, and 10 per 
cent. more on 24 pounds, of protein daily, than when the 
animals received 1! pounds each. The quality of the milk 
was scarcely changed. The cost of the different rations will 
depend upon the cost of the several concentrated feeds. As 
the market has been for the past two years, milk produced 
by aid of the rations containing 2} pounds of protein daily 
would cost rather less than that produced by 1 or 2 pounds. 
The manure derived from the highest protein ration would be 
10 per cent. more valuable, and the animals generally have 
a better appearance than when receiving but 14 pounds per 
day. It is believed that a continuous feeding of 2 or 2} 
pounds of protein daily tends, to some extent, to develop 
the milk-producing capacity of the cow. Animals that will 
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not stand a reasonably generous feeding had better be con- 
signed to the butcher. The writer is of the opinion that 
animals weighing from 800 to 1,000 pounds, producing from 
10 to 15 quarts of milk per day, should receive about 2.5 
pounds of digestible protein and 15 to 16 pounds of total 
nutrients daily. This is in accordance with Wolff’s rations. 
When protein is costly, it might be advisable to reduce the 
amount to 2 pounds daily. The detailed records of these 
and other experiments along this line will be published later. 


G. DiIGESTION EXPERIMENTS. 


During the past three years there have been made about 
forty successful digestion experiments, mostly with the va- 
rious concentrated feeds, to ascertain their value for feeding 
purposes, The details of the experiments have not been pub- 
lished. Some of the results (digestion coefficients) have been 
published in Bulletin No. 50, and in the annual reports for 
1896 (page 135) and 1897 (page 84) ; others follow below. 
The results have been utilized in showing the nutritive value 
of a number of coarse fodders, and in preparing a key to the 
comparative values of concentrated feeds, as given in Bulletin 
No. 56 (page 23). It is hoped to publish the details of the 
experiments before long. 


Digestion Coefficients resulting from Digestion Experiments. 


P| ao ~ > ~ A pe > 
As a 3 ve 2 me 2 3 
se |se/s8| 5] 3] 2] B| 8 
KIND OF FEED STUFF. oa. ae rine he ~ ee = = 
2on | 2y/30 | go So lig® | eo 7) 
Se ee We bee | ere | ee ae I ies ee et ee 
Bee) om s = rm * = Q 
Z A A ol By ica oo) <q 
Hay (largely Poa pratensis), 1 6 62 61 50 63 65 46 
Hay (largely Poa pratensis), 1 4 60 58 53 61 60 50 
Average, both samples, 3 2 10 61 60 51 62 63 48 
Hay of mixed grasses (late cut), 1 2 53 54 39 54 56 26 
Hay of mixed grasses (late cut), 1 2 57 55 44 57 59 42 
Barn-yard millet hay (late blossom), 1 3 57 64 46 52 62 63 
Barn.yard millet (green, blossom), . 1 2 74 68 64 76 74 66 
Barn-yard millet SeTeeUs week later 
than above), . . 1 i 67 72 61 65 71 61 
Peas and oats (green, in blossom) ‘ ] 3 70 70 57 76 68 49 
Vetch and oats (green, in blossom), . 1 3 67 75 47 68 68 53 
Corn ensilage (Pride of the Ment), A 1 2 74 45 77 82 80 26 
Hominy meal, . a : 1 1 89 53 94 94 ~ - 
Cerealine feed, . : - ~ . 1 3 90 80 81 95 82 - 
Peoria gluten feed, = : : - 1 3 91 85 88 95 - - 
Quaker oat feed, . 3 é s : 1 3 62 81 89 7 43 - 
Victor corn and oat feed, . . . ut 3 75 71 87 83 48 - 
H. O. horse feed, . a a 4 g 5 1 70 74 84 79 35 - 
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REPORT OF THE AGRICULTURIST. 


WM. P. BROOKS; ASSISTANT, H. M. THOMSON, 


Sort TEsts. 


During the past season four soil tests upon the co-opera- 
tive plan agreed upon in Washington in 1889 have been 
carried out. Two of these were upon our own grounds, — 
one with corn and the other with onions as the crop; one 
in Norwell, Plymouth County, with oats; and one in 
Montague, Franklin County, also with oats. 


1. Soil Test with Corn. Amherst. 


The past is the tenth season that the experiment on this 
field has been in progress. The crops in order of rotation 
have been corn, corn, oats, grass and clover, grass and 
clover, corn followed by mustard as a catch crop, rye, soy 
beans, white mustard, and this year corn once more. Dur- 
ing all this time four of the fourteen plots into which the 
field is divided have received neither manure nor fertilizer ; 
three have received but a single important manurial element, 
—every year the same; three have received each year two 
important elements; one has received all three yearly; and 
one each has received yearly lime, plaster and farm-yard 
manure. It will be seen that the greater part of the field 
has remained either entirely unmanured or has had but a 
partial manuring, and it will be readily understood that the 
degree of exhaustion of most of the plots is considerable. 
The nothing plots produce this year an average of about 
twelve bushels of shelled corn per acre; and even this figure 
is somewhat too high, owing to the fact that after this long 
period one of the nothing plots which adjoins the plot which 
has been yearly manured at the rate of five cords per acre 
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begins to feel the effect of the high fertility of its neighbor, 
although separated from it by a strip three and one-half feet 
wide. 

The single-element plots, one receiving nitrate of soda 
only yearly, another phosphoric acid and the third potash, 
give this year practically equal crops of grain, respectively 
at the rate of 20.6, 18.5 and 19.8 bushels per acre. The 
nitrate of soda and dissolved bone-black give a crop at the 
rate of 32 bushels per acre, while nitrate of soda and potash 
give at the rate of but 10.9 bushels. The dissolved bone- 
black and muriate of potash do much better, yielding at the 
rate of 41.2 bushels. The fertilizer supplying nitrogen, 
phosphoric acid and potash gives a crop of 55.9 bushels, 
while manure gives 67.7 bushels. 

It may be remembered that in each of the three previous 
years in which this field has produced corn the muriate of 
potash has, whether singly or in any combination, proved 
much mote useful than either of the other fertilizers used. 
There is much evidence in the behavior of the crops this 
year, during the growing season and in the results, that this 
salt is proving injurious in its chemical effect upon the soil. 
I believe this effect to be a loss of lime in the form of 
chloride by leaching, but cannot regard this as yet proven. 
I will present the facts apparently bearing upon the case, 
and leave full discussion to a later report. 

1.. During the early part of the growing season the corn 
upon all the plots which had received muriate of potash was 
distinctly behind that upon other plots. 

2. As the season advanced, the corn upon these plots 
gradually lost its sickly appearance, gained upon that in the 
other plots, eventually excelling, in the case of the plot re- 
ceiving nitrogen, phosphoric acid and potash, that in all 
other plots except the manure plot. 

3. This unhealthy appearance of the corn early in the 
season, followed by great improvement later, is analogous 
to effects noticed in other experiments,* where chlorides 
have been used, and where liming the land has remedied the 
faulty condition. 


* For example, Plot 6, Field A. See report State Experiment Station for 1896. 
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4. On that plot receiving dissolved bone-black as well as 
muriate of potash, the crop was in the end a good one. As 
is well known, the dissolved bone-black contains a large 
amount of sulphate of lime. It is believed that this may 
take the place of the lime leached from the soil as a conse- 
quence of the use of the muriate of potash, or at least that it 
corrects in some way the faulty condition consequent upon 
the use of this salt. It may here be pointed out that a 
similar corrective influence is evident in the results obtained 
both in 1897 and 1898 upon our other home-test acre, which 
will immediately be discussed. 

It is of interest, further, to point out that the crop this 
year upon the lime plot was not quite equal to the average 
of the nothing plots, while that of the plaster plot (sulphate 
of lime) was about double that of the lime plot. In the 
earlier years of this soil test the yield of neither the lime nor 
the plaster plot ever exceeded that of the nothings, but for 
the past three years the plaster plot has been relatively gain- 
ing. The explanation of this difference between the effect 
of plaster and lime is not apparent. It will be made the sub- 
ject of future study. | 

Conclusions. 


1. The yield of the plot which for ten years has received 
only phosphoric acid and potash (41.2 bushels per acre) 
illustrates in a striking way the comparative independence 
of the corn crop of supplied nitrogen upon this soil. 

2. The crop raised where nitrogen, phosphoric acid and 
potash have been yearly applied (nitrate of soda, dissolved 
bone-black and muriate of potash) for ten years shows that 
profitable results may be obtained by the use of fertilizers 
alone. The yearly cost of the application to this plot has 
been from $10 to $12. The crops have not been much in- 
ferior to those on the plot to which manure at the rate of 5 
cords per acre has been yearly applied. The two crops this 
year are, respectively: for the fertilizer, 55.9 bushels; for 
the manure, 67.7 bushels. The extra 11 bushels of corn 
will not cover the added cost of the manure, as compared 
with the fertilizer; and in earlier years the differences in 
yield have been relatively much smaller than this year. 


~ 
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3. The problems suggested by the results of the year 
must be regarded as the most valuable product of this ex- 
periment. These problems are not solved. Their solution 
will throw important light upon methods to be employed in 
compounding and selecting fertilizers. 


2. Soil Test with Onions. _Amherst. 


This experiment occupied a field which has been employed 
in work of this kind for nine years, the several plots hay- 
ing been every year manured alike, as described under the 
<¢Soil test with corn.” The crops in the order of rotation 
have been: potatoes, corn, soy beans, oats, grass and clover, 
grass and clover, cabbages and rutabaga turnips, and pota- 
toes. The land was ploughed in the fall of 1897, and sown 
with winter rye as a cover crop. The rye was turned in 
before it had made much of a spring growth, April 21. 
Fertilizers were employed this year in double the usual 
quantities ; viz., nitrate of soda at the rate of 320 pounds; 
dissolved bone-black, 640 pounds; and muriate of potash, 
320 pounds, per acre. These fertilizers are each used upon 
one plot singly, in pairs, and upon one plot all three to- 
gether. 

The seed was sown in the customary manner, but more 
thickly, on May 9. Germination was prompt and perfect. 
The development of the crop throughout the season was 
most suggestive in problems for future solution. At the 
start plants upon the four plots, potash alone, potash and 
bone-black, potash and nitrate, and potash with both bone- 
black and nitrate, were much ahead of those on the plots not 
manured with potash. There was every indication that this 
element would almost entirely control the crop, for there 
was good growth wherever potash was applied, and but 
feeble growth elsewhere. The potash plots, however, after 
about four weeks, began to lose their superiority; and it 
was not long ere many of the plants upon these plots be- 
came manifestly very unthrifty, and before the end of the 
season many of them had died. Meanwhile, the phosphoric 
acid plots began to gain; and the results show that this, 
more than either the nitrogen or the potash supply, con- 
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trolled the product. The crop was very light, however, 
even upon the best plot, which was at the rate of 116.9 
bushels per acre, upon the plot receiving nitrate of soda and 
dissolved bone-black. Upon the plots receiving these two 
fertilizers and muriate of potash the crop amounted to only 
16.3 bushels per acre. Here is strong evidence that the 
muriate of potash has produced in the soil of this field con- 
ditions absolutely prejudicial to the growth of the onion. 

Last year this field was in potatoes under the same sys- 
tem of manuring, but with half the quantities employed this 
year. The crop of potatoes on the nitrate and bone-black 
was much heavier than on these two and potash, and in com- 
menting upon this fact in my annual report I wrote: ‘* The 
apparent superiority of the phosphoric acid and nitrogen is 
chiefly due to the fact that the plot to which these two ele- 
ments alone were applied was for some reason (not believed 
to be the effect of the fertilizer alone) nearly twice as great 
as that upon any other plot. Had the crop where the pot- 
ash was added to the nitrogen and phosphoric acid been 
better or even as good as that where the phosphoric acid and 
nitrogen alone were used, we should be justified in the con- 
clusion that nitrogen and phosphoric acid are the elements 
chiefly required. The crop where all three elements were 
combined was, however, much inferior to that where the 
nitrogen and phosphoric acid were used without potash. 
We must, therefore, conclude that some disturbing factor, 
at present unknown, influenced the results.” | | 

In view of the similar relative results upon the two plots 
under discussion this year, I am now forced to conclude 
that I was mistaken last year in supposing that the superi- 
ority of the plot receiving nitrogen and phosphoric acid 
only was not ‘‘ the effect of the fertilizer alone.” 

I now believe that the muriate of potash has proved 
actually injurious to the last two crops, and that the expla- 
nation (the loss of lime which it causes) already suggested 
accounts for this effect. 
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The Proper Course as regards Potash Supply. 


What, then, in view of such results, are we to recom- 
mend? Clearly not to cease using potash, — we have been 
unable to raise good crops without it. It is believed the 
remedy will be found in one of three directions; viz., (1) 
the occasional liberal use of lime where muriate of potash is 
employed; (2) the use of other potash salts, such as car- 
bonate or sulphate; or (3) the employment of wood ashes 
as a source of potash. Should potash be supplied in the 
form of either carbonate or sulphate, lime leaches from the 
soil much less rapidly ; the same is true of ashes, and these, 
moreover, supply much lime. This entire question, how- 
ever, demands further experimental study, and I am not at 
present prepared to give definite advice upon this point. 

Again, in conclusion it may be said the most profitable 
results of the year’s work are the suggestions for future lines 
of work, which, being completed, must throw much needed 
light upon the problems connected with the use of fertilizers. 


3. Soil Test with Oats. Norwell. 


The past was the third season of soil test work upon this 
acre, the two preceding crops having both been corn. The 
results with both of the tests with corn have indicated a 
strong demand for potash by corn on this soil. These 
results were thus in entire agreement with those obtained 
in almost all of the large number of soil tests with this crop 
that during the past ten years have been carried out under 
my direction in all the counties of the State. 

The results the past season with oats seem also to be in 
general accord with results previously obtained in other 
sections with this crop. This is not shown clearly by the 
figures giving the yields, for the reason that excessive rains 
flooded parts of the field which is nearly flat soon after the 
seed was sown, rendering germination poor and uneven. 

From examination during the growing season I feel certain 
that in this experiment it was the nitrate of soda which most 
largely benefited the crop. The crop on dissolved bone- 
black was at the rate of 9.7 bushels per acre; on dissolved 
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bone-black and nitrate of soda it was 13 bushels. On 
muriate of potash the crop was 10 bushels; on the muriate 
and nitrate of soda it was 13.6 bushels. On the bone-black 
and muriate of potash the crop was at the rate of 9.8 bushels 
per acre; on these two fertilizers and nitrate of soda it was 
17.8 bushels. The soil is clearly in need also of both phos- 
phoric acid and potash for good crops, although the figures 
of this year afford no certain index to its condition, owing 
to the damage by water above mentioned. 


4. Soil Test with Oats. Montague. 


The present is also the third season of soil test work 
upon this soil, the preceding crops having been corn, which, 
owing to accidental conditions, did not give decisive results. 
The experiment of the past season is eminently satisfactory. 
The five nothing plots have given fairly even crops, varying 
from 18.8 to 24.4 bushels per acre of grain, averaging 21.5 
bushels ; while the straw yield has varied on these plots from 
1,470 to 1,830 pounds, averaging 1,554 pounds, per acre. 
The crop on nitrate of soda alone was 30.3 bushels of grain 
and 2,210 pounds of straw; on dissolved bone-black, 24.4 
bushels and 1,550 pounds; on muriate of potash, 21.3 
bushels and 1,470 pounds. This marked increase on the 
nitrate of soda, as compared with the almost complete ab- 
sence of effect of the other fertilizers used alone, is striking. 

The dissolved bone-black and muriate of potash together 
gave 23.8 bushels of grain and 1,810 pounds of straw. 
Again we see practically no effect; but when we use ni- 
trate of soda with these two fertilizers, we have a crop of 
31.3 bushels of grain and 2,710 pounds of straw. Nitrate 
of soda with muriate of potash gives 30.3 bushels and 2,350 
pounds, and with dissolved bone-black it gives 31.3 bushels 
and 2,330 pounds. 

It will be seen, then, that in this experiment it was the ni- 
trate of soda alone which proved effective. Alone and in all 
its combinations it gave a large increase in crop, and in all 
cases practically the same. The average increase apparently 
due to the use of this fertilizer amounted to 8 bushels of 
grain and 804 pounds of straw. The average increases ap- 
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parently due to the use of dissolved bone-black were 2.1 
bushels of grain and 193.4 pounds of straw ; those appar- 
ently due to the muriate of potash were 1 bushel of grain 
and 175 pounds of straw. 

Manure at the rate of 5 cords per acre gave about 806 
pounds more straw, but only .7 bushels more grain than 
the complete fertilizer, costing some $13 per acre less; 
and the manure crop did not indeed surpass the crop on 
nitrate of soda alone in much greater degree. The latter 
application cost $3.20 per acre, while the manure can 
scarcely be estimated at less than $25. 

This Montague experiment is one of the most perfectly 
satisfactory in a long series of such experiments; and it is 
a pleasure to see that its teaching as to the value of nitrate 
of soda for the oat crop is so entirely in agreement with 
that of other experiments with this crop. 

For convenience is appended a statement giving the ar- 
rangement of plots and the system of manuring in nearly all 
our soil test work, which now extends over ten seasons : — 


Plot 1, nothing. 

‘Plot 2, nitrate of soda, 160 pounds per acre. 

Plot 3, dissolved bone-black, 320 pounds per acre. 

Plot 4, nothing. 

Plot 5, muriate of potash, 160 pounds per acre. 

Plot | nitrate of soda, 160 pounds per acre. 
dissolved bone-black, 320 pounds per acre. 

Plot 7 | nitrate of soda, 160 pounds per acre. 
muriate of potash, 160 pounds per acre. 

Plot 8, nothing. 

Plot 9 | dissolved bone-black, 320 pounds per acre. 
muriate of potash, 160 pounds per acre. 
nitrate of soda, 160 pounds per acre. 

Plot 10 soe bone-black, 320 pounds per acre. 
muriate of potash, 160 pounds per acre. 

Plot 11, plaster, 160 pounds per acre. 

Plot 12, nothing. 

Plot 13, manure, 5 cords per acre. 

Plot 14, lime, 160 pounds per acre. 

Plot 15, nothing. 
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MANURE ALONE v. MANURE AND POTASH. 


An experiment in continued corn culture for the com- 
parison of an average application of manure with a smaller 
application of manure used in connection with muriate of 
potash was begun in 1890. A full account will be found in 
the annual reports of 1890-95, and in the latter year a 
general summary of the results is given. 

The land used in this experiment was seeded with a mix- 
ture of timothy, red-top and clover in the standing corn 
of 1896. A good stand of grass and clover was secured, 
although the latter was rather unevenly developed in different 
parts of the field, suggesting a possible lack of thoroughness 
in mixing the seeds. 

No manure or potash was used in 1897. The field in- 
cludes four plots, of one-fourth an acre each. The average 
results for 1897 are shown below : — 


Plots 1 and 3 (manure alone, 6 cords per acre, 1890-96) : hay, 
1,4034 pounds; rowen, 784 pounds. 

Plots 2 and 4 (manure, 3 cords per acre, 1890-92; 4 cords, 
1893-96; and potash, 160 pounds per acre): hay, 9614 pounds; 
rowen, 5364 pounds. 


This field was continued in grass and clover during the 
present season, but manure and potash were applied as 
shown below : — 


Plot 1, manure, 1 cord; weight, 5,087.5 pounds. 
~ { manure, .5 cord; weight, 2,712.5 pounds. 

Plot ):2, ; ; 

muriate of potash; weight, 40 pounds. 
Plot 3, manure, 1 cord; weight, 5,372.5 pounds. 

manure, .5 cord; weight, 2,855 pounds. 
Plot 4, ; 

muriate of potash; weight, 40 pounds. 


The manure applied to each plot was sampled and analyzed, 
and from the analyses the amounts of the three most essential 
elements of plant food applied per acre were calculated, with 
results shown below : — 
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Manurial Ingredients per Plot. 


Pies Nitrogen P hoe oric Potash 
r (Pounds). (Pounds) (Pounds). 

Plot 1, in manure, - ° : - ' 20.9 14.2 25.9 

in manure - ° ° ° é é 11.4 6.2 15.2 
Plot 2, in muriate of potash, . ° a ‘ - ~ 19.9 35.1 
Plot 3, in manure, = : ~ 2 5 ‘ 22.0 15.0 26.9 

in manure : : 5 : ° ; 15.1 9.7 18.0 
Plot 4, } in muriate of potash, . ‘ : ; - - 19.9 37.9 


The manure was applied on April 1, the muriate of potash 
to plots 2 and 4 on April 9. 

During the later growth of the mixed grasses and clovers 
upon these plots it was plainly evident that the clover was 
relatively more prominent upon plots 2 and 4. The first 
crop was cut on June 20; the second, on August 26, and 
both were secured in excellent condition. 


Yield per Plot. 


Hay Rowen 
PLOTS. (Pounds). (Pounds). 
Plot 1, : E - - . ° “ ° ; : z 1,395 | 840 
ee a ee 1,120 730 
| 
a SS 1,460 810 
Plot 4, 1,497 830 
Average Yield per Acre. 

Plots 1 and 3 (manure alone), 5,710 8,300 
Plots 3 and 4 (manure and potash), 5,235 3,120 


Combining the figures showing the yields in hay and 
rowen, we find that the average of plots 1 and 3 is at the 
rate of 9,010 pounds per acre; and of plots 2 and 4, 8,355 
pounds. There is, then, a difference of 655 pounds only in 
total yields per acre, in favor of the large application of 
manure alone. This amount is quite insufficient to cover 
the larger cost of the acre application ($6.80 in the case of 
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the manure alone). This field has now been broken up, 
and will next year be put once more into corn, when it is 
believed the beneficial effect of the large growth of clover 
upon plots 2 and 4 will become apparent. 


‘¢SpreciAL” Corn FERTImIzZER v. FERTILIZER RICHER IN 
POTASH. 


This experiment was begun with a view to comparing the 
results obtained with a fertilizer proportioned like the aver- 
age ‘‘ special” corn fertilizers found upon the markets in 
1891 with those obtained with a fertilizer richer in potash, 
but furnishing less nitrogen and phosphoric acid. 

Corn was grown during each of the years from 1891 to 
1896 inclusive. From 1891 to 1895 it was found that the 
fertilizer richer in potash gave the more profitable results. 
In 1896 there was no practical difference. It was decided 
during the season of 1896 that it might be possible to derive 
a greater benefit from the larger quantity of potash applied 
to two of the four plots if grass and clover should be grown 
in rotation with the corn. Accordingly the land was seeded 
with a mixture of timothy, red-top and clover in the stand- 
ing corn in July, 1896. The field is divided into four plots 
of one-fourth of an acre each. The materials supplied to the 
several plots are shown in the following table : — 


Ponenizens. oes ae 
Nitrate of soda, i A A : i . 5 - 20.0 18.0 
Dried bloods ihre) il ede gsh a yet Oe uA TO il Ma Hoa ULAR 30.0 30.0 
Dry eround fish) ae kw) eye ee Cuan oe 30.0 20.0 
Plain superphosphate, . ° ° ° ° ° ° . 226.0 120.0 
Muriate of potash, . 5 ° * ° 5 4 5 : 22.5 60.0 
. Cost of materials per plot, . fs : ( 6 : 5 $3 23 $3 10 


In 1897 the average (both hay and rowen) produced by 
plots 1 and 3 was 873.5 pounds, or 3,494 pounds per acre; 
on plots 2 and 4, 860.5 pounds, or 3,442 pounds per acre. 
This difference is too small to be of practical significance. 
The rowen crop was heavier on plots 2 and 4 than on plots 
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1 and 3, showing an apparent influence of the greater amount 
of potash used on these plots in a larger proportion of clover. 

For the present season the fertilizers were applied as last 
year, being evenly broadcasted on April 11. The first crop 
was cut June 21. It consisted largely of red-top, which 
was then not fully in bloom. The second crop was cut 
August 26. Both crops were well secured, and the yields 
are shown below : — 


Yield of Hay and Rowen, 1898. 


Hay Rowen 
PLoTs. | (Pounds). (Pounds). 
Plot 1 (lesser potash), . : : ° - : ° : 670 530 
Plot 2 (richer in potash), 2 A ° ° ‘ z é 585 440 
Plot 3 (lesser potash), . : - : ° - ° 2 540 365 
Plot 4 (richer in potash), ‘ : . 2 ° z ° 550 415 
Average Rates per Acre. 
Plots 1 and 3, . 


2,420 1,790 


Plots 2and 4, . 2,270 


We have then, as will be seen, an average product, from 
the application richer in nitrogen and phosphoric acid, at the 
rate of 150 pounds of hay and 80 pounds of rowen per acre 
more than from the application poorer in these elements and 
richer in potash. It is believed that the failure of plots 2 
and 4 to show greatly superior development of clover is in 
part due to variations in physical characteristics of the soil 
of the different plots, leading to unfavorable moisture con- 
ditions, which prevented an even catch of clover on plots 2, 
3 and 4, but did not injuriously affect Plot 1. Further, it 
should be pointed out that results which will be published 
later in this report in the case of clover experiments on a 
series of plots manured alternately with muriate of potash 
and with sulphate of potash indicate that the long-continued 
use of muriate of potash in liberal amounts without liming is 
unfavorable to the healthy development of clover. This 
field has now been broken up, and will be again put into 
corn next season. 
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Lreuminous Crops (CLOVER, PEA AND BEAN or ‘ Pop” 
Famity) aS NITROGEN GaTHERERS. (FreLp A.) 


This experiment is a continuation of a series begun in 
1889. The objects in view have been : — 

1. To determine the extent to which plants of the clover 
family are capable of enriching the soil in nitrogen taken by 
them from the air through the agency of the nodular bacteria 
found upon their roots. 

2. To compare nitrate of soda, sulphate of ammonia, 
dried blood and farm-yard manure as sources of nitrogen.* 

The plots, eleven in number, are one-tenth acre each, and 
are numbered 0 to 10. Three plots (4, 7 and 9) have re- 
ceived no nitrogen-containing manure or fertilizers since 
1884; one (0) has received farm-yard manure; two (1 and 
2), nitrate of soda; three (5, 6, and 8), sulphate of ammo- 
nia; and two (3 and 10), dried blood every year since 
1889. These materials have been used in amounts to fur- 
nish nitrogen at the rate of 45 pounds per acre each year. 

All the plots have received yearly equal quantities of 
phosphoric acid and potash; viz., 80 pounds per acre of 
the former and 125 pounds of the latter from 1889 to 1894 
and the past two seasons; but in 1894 and 1895, double 
these quantities. To some of the plots the potash is ap- 
plied in the form of potash-magnesia sulphate ; to others, in 
the form of muriate. The results with the former salt have — 
been superior to those with the latter, as a rule, particularly 
when used in connection with sulphate of ammonia. 

Up to this year we may briefly characterize the results, in 
so far as these have a bearing upon the two main questions 
proposed, as follows : — 

1. The leguminous crops grown (soy beans in 1892, 
1894 and 1896) have not appeared to enrich the soil in 
nitrogen, if we accept the results with the next following 
crop as affording a basis of judgment. 

2. The different sources of nitrogen have ranked on the 


* Only such details are given here as are necessary to an understanding of the 
nature of the experiment. Full particulars will be found in our ninth and tenth 
annual reports. 
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average in the following order: nitrate of soda, farm-yard 
manure, dried blood and sulphate of ammonia. 

After the oat crop of 1897 was harvested the land was 
ploughed, and late in July sown to Mammoth red clover. 
Germination was quick and good; but the young plants on 
all plots failed to flourish, and soon took on a most unhealthy 
appearance on all except the manure plot, and even on this 
their development was not what could be desired. In April 
of this year the plots were most carefully examined, and the 
clover ranked as follows: plot 0, good; 1, fair; 2, poorer 
than 1; 3, like 2; 4, mostly dead; 5, all dead; 6, all dead; 
7, like 2; 8, best in field (limed in 1896); 9, like 2; 10, 
somewhat better than 2.* 

The general average of condition was so poor that it was 
decided to plough the field, which was done on April 18. 
From previous observations upon this series of plots it 
was decided that liming was called for, and accordingly 
200 pounds per plot of partially air-slaked lime was spread 
on and harrowed in on April 20. Eight hundred pounds 
of manure was applied to plot 0 on April 23, and on April 
26 the fertilizers were applied. 

The plots were all sown to Clydesdale oats on April 27, 
84 pounds per plot. The analysis of the manure and a 
table showing fertilizer treatment and yields follow : — 


Analysis of Manure Used. 


Per Cent. 


Moisture, . : ; ; : : J : : ap) dee 
Miutrogen,. >. ; ; ’ A ; : 43 
Phosphoric acid, ; ‘ ; 16 
Potash, . : P ; ; , : , : . 26 


* For manuring of these plots, see page 138. 


138 HATCH EXPERIMENT STATION. [ Jan. 


Nitrogen EHaperiment. — Fertilizer Treatment and Yields of Oats, 
1898. 


iit vial wee Bushes woo of 
PLOTS FERTILIZERS. Pounds. Oaks Sivan ype. Vides 
(Pounds).|(Pounds). Bere *| (Pounds). 


Barn-yarn manure, . 8 
Potash-magnesia sulphate, . 
Dissolved bone-black, . “ 


Plot 0 83.0 125 25.90 1,250.0 


Nitrate of soda, fH 
Potash-magnesia sulphate, . 
Dissolved bone-black, . 3 


Plot 


_ 


103.0 150 32.20 1,500.0 


Nitrate of soda, " 
Potash-magnesia sulphate, . 2 
Dissolved bone-black, . i 


Dried blood, » 8 i 
Muriate of potash, bj : 
Dissolved bone-black, . - 


Plot 2, 115.0 175 35.90 1,750.0 


Plot 3, 96.0 155 30.00 1,550.0 


Muriate of potash, i é 


Plot 4,)| Dissolved bone- black, 


56.0 80 17.50 800.0 


Plot 5 Potash-magnesia sulphate, . 


103.0 135 32.20 1,350.0 
Dissolved bone-black, . 5 
Ammonium sulphate, . . 
Muriate of potash, 


Plot 6 i 
Dissolved bone-black, . » 


109.0 160 34.10 1,600.0 


Muriate of potash, é ; 


Plot 7 Dissolved bone-black, s 


72.5 95 22.70 | 950.0 


Ammonium sulphate, ; 
Muriate of potash, “ 


Plot 8 i 
Dissolved pone-black, 


123.0 155 38.40 1,550.0 


ONS SO SOM FDS SOM SUM FO SOS SUS OMS OOS 


Nee Ne eee ae ee i e™ ae >’ 


Muriate of potash, 
Dissolved bone-black, . 


Dried blood, 
Potash-magnesia sulphate, . 
Dissolved bone-black, . 


Orb Orbs bS Sub OubS bo oe b oub ob > Our bo OP bo MOS 
on ooh on oon SO On on oo [He olive) one oo =) 


Plot 9, 76.5 95 23.90 950.0 


Plot10, 


PPS 
oaow 


112.0 1385 35.00 1,350.0 


: 
| 
| 
| 
| 
{ Ammonium sulphate,. 
6) 
in 
? 
: 
: 
at: 


Average of no-nitrogen plots, . C 5 5 . “ c fs 3 21.40 900.0 
Average of muriate of potash plot (as far as comparable), . ‘ 2 82.05 | 1,595.0 
Average of sulphate plots (as far as comparable), 4 . : : 35.20 1,416.7 


It is important to point out that the oats on the several 
plots ripened at different times. An effort was made to 
harvest the crop upon all at the same stage of maturity. 
With this end in view, plots 1, 2 and 5 were cut on July 29; 
plots 6, 8, 9 and 10, on July 30; and the balance on 
August 2. Meanwhile, there had occurred the phenome- 
nally heavy rain and wind of July 30, p.m., and numerous 
other heavy showers; moreover, the weather continued per- 
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sistently bad much of the time until the middle of August, 
and there was much loss through shelling of the grain. The 
straw, therefore, perhaps better than the grain, affords an 
index to the relative value of the several manurings. The 
rank of the different sources of nitrogen, taking straw pro- 
duction as the basis of estimation, is nitrate of soda, sulphate 
of ammonia, dried blood and farm-yard manure. 

After the oats were harvested the land was ploughed, and 
without further manuring sown to Mammoth red clover, 
which at the time winter set in was in excellent condition. 

The reader will naturally, perhaps, conclude that the 
better condition of the clover this year as compared with 
last is a consequence of the liming, and I am of opinion that 
this may be the case; but nevertheless I cannot regard this 
as certain, for the reason that upon Field B (reported upon 
below), where clover sown in the summer of 1897 failed, 
we have now an excellent stand of this crop obtained by 
sowing seed where it had failed this spring, without liming’ 
or reploughing. 


MuRIATE v. SULPHATE OF POTASH FOR CLOVER. 
(FIELD B.) 


Field B is laid off in eleven equal plots, of two-fifteenths 
of an acre each. The manuring has been uniform since 
1884. These plots are numbered from 11 to 21. very 
year each plot has received an application of ground bone at 
the rate of 600 pounds per acre. The odd-number plots have 
yearly received muriate of potash and the even-number plots 
the high-grade sulphate, in each case at the uniform rate of 
400 pounds per acre. This series of plots has produced a 
great variety of crops, including potatoes, corn, grasses, 
oats and barley each, with vetches, rye and clovers. The 
crops have been generally excellent. Full details will be 
found in the tenth and twelfth annual reports of the State 
Experiment Station, and the reports of the Hatch Experi- 
ment Station for the last three years. In the summer of 
1895 two plots (one muriate the other sulphate) of each of 
the following clovers were sown: sweet clover (Melilotus 
alba), mammoth red clover, medium red clover and alsike 
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clover. Between the crops produced respectively on the 
muriate and sulphate of potash no marked difference in 
yield was observed in either 1896 or 1897. It was, how- 
ever, noticed in 1896 that the clover raised on the sulphate 
of potash was richer in starch and similar extractive sub- 
stances, in the case of the mammoth, medium and alsike 
clovers, than that raised on the muriate, thus making the 
sulphate clover the more valuable. 


Bad Effect of the Muriate. 


In August of 1897 the plots were ploughed and all again 
seeded to the same varieties of clover. Germination was 
excellent, but within a very few weeks after the young plants 
appeared it was observed that in the case of the mammoth, 
medium and alsike varieties the plants were doing very 
poorly upon the muriate plots. As the autumn advanced, 
these plants for the most part grew more and more feeble, 
and many died. The winter was favorable to newly seeded 
land; but in the spring it was found that a large proportion 
of the plants upon the muriate plots were dead, in the case 
of the varieties above named. The sweet clover showed no 
difference between the two fertilizers. The condition of 
the clovers upon the sulphate plots was not entirely satis- 
factory, although far superior to that upon the muriate. 

It was decided to sow additional seed upon all the plots 
without reploughing. Accordingly, on April 2, 4 pounds of 
seed of the appropriate variety were sown upon each of the 
plots. The conditions were favorable to germination, and 
a good stand of young clover was obtained upon all the 
plots. The sulphate plots gave much the larger yields of 
clover this season, because they contained a far larger pro- 
portion of the older plants from last summer’s sowing. At 
the present time, however, the condition of the clover upon 
the muriate and sulphate plots is fairly even, for the spring- 
sown clover has done equally well upon both the potash 
salts. 

This record of facts is made without comment, as with- 
out further investigation it appears to be impossible to 
explain why the summer-sown clover failed on the muri- 
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ate, while the spring-sown has flourished upon the same 
plots without reploughing or any change in treatment. 


MuRriATE v. SULPHATE OF PoTasH FoR Corn. (FIELD B.) 


Two plots in Field B, one muriate and one sulphate, were 
planted to Sibley’s Pride of the North corn, with a view to 
testing the relative value of these two potash salts for this 
crop. It will be remembered that these plots have been 
under the same manurial treatment since 1884. The fer- 
tilizers were broadcasted after ploughing, and harrowed in, 
and the corn was planted on May 30, in drills 34 feet apart. 
It was later thinned to 1 foot in the drills. The crop was 


cut September 9 and husked the middle of October. 


Corn on Muriate and on Sulphate of Potash. 


YIELD PER ACRE. 


Corn Stover 


MANURING PER ACRE. (Pounds). | (Pounds). 


Corn Stover 
(Bushels). | (Pounds). 


Muriate of potash, 400 pounds, 
ee eabore, 600 bounds’ 488.5 866 45.8 6,495 


Plot 20, Sulphate of potash, 400 pounds, 428.5 


Ground bone, 600 pounds, Gn2 40.1 4,890 


The apparent superiority of the crop raised on the muriate 
of potash is considerable. During the growth of the crop, 
as the result of frequent examinations, no such difference 
was evident; and it is regretted that the moisture test has 
not been completed in season for this report, as it is felt 
that there may have been a difference in condition of the two 
crops when weighed, owing to the very rainy weather of the 
autumn. 

Sweet Ciover (Melilotus alba). 


As has been stated under ‘‘ Muriate v. Sulphate of Potash 
for Clovers,” sweet clover occupied two of the plots in 
Field B. The present is the third successive year that this 
clover has been grown upon these plots, and the soil appears 
now to have become thoroughly stocked with the nodular 
bacteria peculiar to the plant. As reported in 1896, but 
few of the plants on’ these plots in that year possessed 
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bacteria, and only those which did made vigorous growth. 
The next year, as already reported, about one-half of the 
plants apparently possessed nodules and made vigorous 
growth early in the season. Later all seemed to acquire 
the ability to make use of the atmospheric nitrogen which 
these nodular bacteria give. The crop of this season has 
been extremely vigorous from the very first. The rapid 
growth of this legume in early spring seemed to indicate 
its possible value as a cover crop for green manuring; and 
to test this point one square yard (believed to be average) 
was harvested at each of three different dates, and a deter- 
mination of dry matter and of nitrogen contained therein 
was made. ‘The results calculated per acre were : — | 


Dire Height Dry Matter | Nitrogen 

i (Feet). (Pounds). | (Pounds). 
June 6,. 23 5,661.6 136.8 
June 15,. 3h 3,961.7 130.2 
July 10,. 53 7,573.0 192.5 


The crop was in full bloom at the time the last cutting 
was made, but it goes on blooming freely for almost the 
entire summer. 

Corn for the silo may here be planted up to the middle 
of June, with a good prospect of success; and, as will be 
seen, previous to that date the sweet clover makes a large © 
growth and contains a heavy amount of nitrogen. The 
amount of this element at the date of the second cutting is 
equivalent to that contained in about 6 cords of rich manure. 
To what extent, however, this nitrogen has been taken 
from the soil, and to what extent from the air, our experi- 
ments afford us no means for determining. Kihn has 
pointed out that the acquisition of atmospheric nitrogen by 
plants of the clover family takes place most abundantly in 
the later stages of their growth; and that, if they be 
ploughed under immature, we can hope for but little gain 
in that element. Our experiment, then, is not conclusive, 
as yet, as to the value of this clover as a green manuring 
crop. Since, however, being sown in the latter part of July 


1899. | PUBLIC DOCUMENT —No. 31. 143 


or early in August, it will afford winter protection to the 
soil and furnish a large growth before late corn planting 
time, it seems worthy of further trial. 


Value for Bees. 


As is known to many, this clover furnishes an abundant 
and long-continued supply of honey. For many weeks the 
plants in our plots were daily visited by countless myriad 
bees, and the rate of honey production of those kept near 
by was very rapid, ‘The honey is of good quality. 


High-priced Seed an Obstacle to the Use of Sweet Clover. 


The high price at which the seed of this clover is at pres- 
ent offered in our markets constitutes a great obstacle to its 
use as a green manuring crop. Recognizing this fact, and 
wishing to determine whether the seed might not be more 
cheaply offered, our crop of this year was allowed to mature. 
The sulphate of potash plot (two-fifteenths acre) gave a 
product of 43.5 pounds and the muriate plot 46.5 pounds 
of rather poorly cleaned seed. It is true that the season 
was unfavorable to the ripening of the seed; but the indica- 
tion of this single experiment is that the species can not be 
counted upon for a liberal seed product, and that, therefore, 
the seed must remain high in price. 


Nirracin, A GERM FERTILIZER. 


In connection with my report upon sweet clover, it has 
been shown that in the early attempts to cultivate this crop 
but partial success was obtained, because the germs of the 
appropriate nodular bacteria (microscopic plants, which, 
growing in nodules upon the roots, give the power of assim- 
ilating the free nitrogen of the air) were not present in 
sufficient numbers. It is there pointed out that, after three 
years’ culture of the sweet clover upon the same plots, these 
bacteria so multiplied in the soil that complete success with 
the clover followed. Similar results in the first attempts to 
cultivate plants of the ‘‘ pod” family (Leguminose) in local- 
ities where they had not been before grown have many times 
been observed; and many times, also, has ultimate success 
crowned the effort to produce the new plant, and for the 
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reason above alluded to. The attainment of success in this 
manner, however, requires some few years; and time is 
precious. Recognizing this fact, an attempt to propagate 
the bacteria connected with nitrogen assimilation artificially 
and to put them upon the market was some few years ago 
made by Professor Nobbe of Tharandt, Germany. The 
effort was successful, and the product, under the name WVitra- 
gin, has been offered for the past few years by a German 
firm with which Professor Nobbe completed arrangements for 
its production and sale. Full particulars concerning Witra- 
gin, and directions for its use, will be found in our eleventh 
annual report. The unsuccessful results of its trial upon 
clover in 1897 are published in our last annual report. 

The scientific standing of Professor Nobbe is such and the 
general importance of the subject so great that further trials 
and with other plants seemed desirable. Accordingly, nitra- 
gin for the following species was ordered direct from the 
makers: crimson clover, red clover, alfalfa, sweet clover, 
soy bean, vetch and pea. 

The experiments are not yet complete, but are being 
carried out upon poor plain land hired for the purpose, 
where most of these crops have never been cultivated, as 
well as upon our own grounds. ‘The plan of the experiment 
upon the plain land is shown below. 


Plan of Nitragin Hxperiments. 


The plots are one-twentieth of an acre each, duly sepa- 
rated by dividing strips. The treatment of the several plots 
for each crop will be clear from the table : — 


Plot 1, no fertilizers. No nitragin. 
Plot 2, no fertilizers. Nitragin. 
acid phosphate, 400 pounds per acre. ) 
Plot 3,4 muriate of potash, 250 pounds per acre. } No nitragin. 
lime, 1,000 pounds per acre, . 
Plot 4, manurial treatment, like Plot 3. Nitragin. 
Plot 5, same manures as 3, and, in addition, 180 pounds per acre 
of nitrate of soda. No nitragin. 


The plan upon the home grounds is similar, with two ex- 
ceptions: (1) The plots are smaller, and (2) there are no 
plots left unfertilized. 
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The crops started in the spring upon the “plain” include 
field peas, alfalfa, alsike clover and common red clover. 
The peas were harvested early in August. The yields of 
the several plots were very small, and showed no favorable 
influence from the nitragin. Of all the other crops, it can 
be reported to-day that the general condition is poor; that 
the best condition is to be found in every case upon Plot 5 
(supplied with available fertilizer nitrogen), and that the 
crop upon mineral fertilizers with nitragin (4) appears 
somewhat better than the corresponding plot (3) without 
nitragin. Between plots 1 and 2 there appears to be no 
appreciable difference. | 

Upon our home grounds the field pea with nitragin gave 
a slightly better crop on mineral fertilizers alone than on 
mineral fertilizers without nitragin. Alfalfa upon mineral 
fertilizers and nitragin now looks better than on the same 
fertilizers without nitragin. It will be seen, then, that thus 
far the experiments of this season afford indications that 
some slight benefit has followed the use of this germ fer- 
tilizer.* Of the crops sown in late summer it is as yet too 
early to report. 


FERTILIZERS FOR GARDEN CROPS. 


This series of experiments, begun in 1891, was originally 
intended to test the value for the different garden crops of 
nitrate of soda, sulphate of ammonia and dried blood as 
sources of nitrogen; but in the second year it was made 
to include also a comparison of muriate with sulphate of 
potash, each used with each of the three nitrogen fertilizers, 
for the same class of crops. Dissolved bone-black has been 
applied equally to all the plots from the first. The number 
of plots and the fertilizers annually applied to each up to 
the present year are shown in the following table : — 


* It may be useful, though this fact has already many times been pointed out, to 
remark here that a third, and often very satisfactory, method of securing a stock 
of nodular bacteria consists in taking earth from soil where the crop under trial 
flourishes, and incorporating a little, as one might fertilizer, with the soil where 
the new crop is to be grown. This method is now under trial here with alfalfa 
with soil from Kansas. 


» 
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Annual Supply of Manurial Substances (Pounds). 


Sulphate of ammonia, . 0 ay . 88 
Plot 1, } Marit of potash, . : A E . 380 
Dissolved bone-black, . : ‘ . 40 
Nitrate of soda, ; 5 \ ; . 47 
Plot 2, 4 Moat of potash; ..:)....\. 4) Sn 
Dissolved bone-black, . : : . 40 
Dried blood, . 4 , ; ? oO 
Plot 3, ‘ } Masia of potash, . , : 5 . 380 
Dissolved bone-black, . ; : . 40 
Sulphate of ammonia, . ; ; . 38 
Plot 4, } Sulphate of potash, . . ‘ . 80 
Dissolved bone-black, : ; , ae 
Nitrate of soda, : } j ; . 47 
Plot 5, } Sulphate of potash, . : , : . 380 
Dissolved bone-black, : ‘ : . 40 
Dried blood, . ; : ; F Bo) 
Plot 6, } Suna of potash, . : : : . 380 
Dissolved bone-black, . } ; . 40 


The area of the plots is about one-eighth of an acre each. 
The fertilizers used supply, at the rates per acre: phos- 
phoric acid, 50.4 pounds; nitrogen, 60 pone potash, 
120 pounds. 

The management of the experiment and results and con- 
clusions are presented in great detail in our eighth, ninth 
and tenth annual reports, and to these the student of these 
experiments is referred. It suffices for our present purpose 
to call attention to the general results up to the end of the 
year 1897, which are shown below : — 


Averages of Garden Crops, 1892 to 1897, inclusive. 


qm Ff 2 qa qa qa G2 ou “da 
BS (Ee (BS | bs eS) Bo 
—-) oer) a o : o oo = o oP SD o 
wort | appt Pas | aot ut |) gets | ple PD | gee oS 
Pots oe oglu sg a @ | 8 ge sO eae 
. oe | 28S oie a lio Se ay | 2 
g25|) 828/855 | 228 | cok |Oog SES ROB 
Sqo|5q9 | Sof | fa5 | 8FS| SES! Sos Qee 
2) Co) ° B ES 
oD) 4 H at) oe) m es) A 
Plotl, . - 7 b 153 37 482 43 111 144 177 255 
Plot 2, . p 3 210 43 107 49 326 179 203 479 
Plot 3, . * ° “ 182 42 577 50 259 160 281 372 
Plot 4, . 5 . & 196 63 © T17 44 221 151 348 425 
Plot 5, . : ° ? 232 66 790 59 298 143 343 691 
Plot6, . c . H 149 41 503 51 235 154 307 483 
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It is important to point out that none of the crops in- 
cluded above has in any year occupied the whole of the area 
under experiment. Each year we have had some four or 
five crops, and the areas in each have varied. The above 
figures are valuable, then, solely as a basis of comparison 
between the several plots. 


Conclusions based on Results up to 1897. 

The chief conclusions which seemed justified by the results 
above given are the following : — 

1. Sulphate of potash in connection with nitrate of soda 
(Plot 5) has generally given the best crop. In those cases 
where this has not been true, the inferiority of this com- 
bination has usually been small. Im one case only has it 
fallen much behind, viz., with sweet corn, a crop which 
makes much of its growth in the latter part of the season. 

2. Nitrate of soda (plots 2 and 5) has in almost every 
Instance proved the most valuable source of nitrogen, 
whether used with muriate or the sulphate of potash. 

3. The combination of sulphate of ammonia and muriate 
of potash (Plot 1) has in every instance given the poorest 
crop. ‘This fact is apparently due, as Dr. Goessmann has 
pointed out, to an interchange of acids and bases leading to 
the formation of chloride of ammonia, which injuriously 
affects growth. 

The Hxperiment in 1898. 

In the fall of 1897 the plots were ploughed, and rye sown 
on all (without further manuring) as a cover crop, chiefly to 
prevent soil washing. The growth on Plot 1 (sulphate of 
ammonia and muriate of potash) was sickly and feeble, but 
no particular difference was noticed between the other plots. 


Change in Plan. 


In view of the fact that market gardeners, in whose inter- 
ests chiefly these experiments are being carried out, almost 
invariably use large quantities of stable manure, and employ 
fertilizers, if at all, simply to supplement the manure, it was 
decided to make a change in the plan of the experiment, in 
order that the conditions under which we are working may 
more nearly conform to those of the average market gardener. 
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Accordingly, it was decided to apply equal amounts of 
thoroughly mixed stable manure to each plot, and to use on 
each, in addition, the same fertilizers as heretofore. Further, 
in order to have a basis for determining whether the fertil- 
izers should prove in any degree useful, another plot was 
added, to which manure alone is applied. It was impossible — 
to secure for this purpose a plot of exactly the same shape 
as the others, and of course it has not had the same history. 
It is, however, contiguous, and it has the same elevation 
and similar soil. This plot, which will be called plot 0, 
has for the past fifteen years received an annual application 
at the rate of ground bone 400 pounds and muriate of potash 
200 pounds per acre. It has been planted yearly with a 
variety of the newer forage crops. Manure was applied at 
the rate per acre of twelve cords to all of the seven plots. 
The manure was applied by measure, but it was also weighed. 
The table shows the weight applied to each plot and the 
quantities of plant food which it carried : — — 


Puote, eae one. ae 
per Cent.). | (per Cent.). 
3 | 
Plot 0, ° ° ° . ° 5 6,720 28.8960 _ 10.7520 17.4720 
Plot 1, SERN GPT MeN Mal ect Me 6,977 30.0011 11.1632 18.1402 
Plot 2, ° ° ° ° ° ° 6,775 29.1325 10.8400 17.6150 
Plot 3, o 7,065 30.3795 11.3040 18.3690 
Plot 4, alc wha Giie wl outer eer abled tse 6,617 28.4531 10.5872 17.2042 
Plot 5, RR cn LOUTH RY Pest HALE Ce 7,210 31.0030 11.5360 18.7460 
Plot 6, 5 : ° . ° ° 6,945 29.8635 11.1120 18.0570 
Manure contained, . . - : - 0043 -0016 -0026 
Details. 


The manure was evenly spread upon the surface April 
18-23. The land was ploughed April 27, a thin crop of 
rye, previously alluded to, being turned under. The fer- 
tilizers were applied evenly, broadcast as in previous years, 
on May 2, and harrowed in. ‘The land was once more har- 
rowed on May 5. Throughout the season all plots received 
clean culture. 
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The crops the past season have been: strawberries (Clyde), 
spinach, lettuce, table beets, tomatoes, cabbage, celery and 
potatoes ; and, as a second crop, turnips. 

Clyde Strawberries. —'Three rows were set in each plot. 
The growth was vigorous and healthy on all plots. Plots 4, 
5 and 2 now show a slight superiority over the others, while 
Plot 0 is the poorest. All are well stocked, in matted 
rows. 

Long Standing Spinach. — Three rows of this crop were 
planted in each plot May 7. All germinated well, but by 
June 9 many plants were dying on plots 1 and 4 (sulphate 
of ammonia and muriate of potash, and sulphate of ammonia 
and sulphate of potash), while nearly all the plants in these 
plots appeared yellow and sickly. All the spinach was har- 
vested in two cuttings. The yields in pounds were as 
follows: Plot 0, 69; Plot 1, 1}; Plot 2, 156}; Plot 3, 
772; Plot 4, 1384; Plot 5, 1595; Plot 6, 73%. 

The average yields in pounds produced by the different 
fertilizers* were : — 


Manure alone (Plot 0), ; 88. 
Average of manure and muriate of ear (ulets 1, 2 nha 3), ; 7 
Average of manure and sulphate of potash (plots 4, 5 and 6), 92. 
Average of manure and sulphate of ammonia (plots 1 and 4), . 

Average of manure and nitrate of soda (plots 2 and 5), . 2. wake 
Average of manure and dried blood (plots 3 and 6), . ; 70. 


It will be noticed that the muriate of potash plots are 
inferior to those receiving sulphate of potash, though the 
difference is small. The sulphate of ammonia plots proved 
almost an absolute failure, while the dried blood gave a 
much smaller crop than the nitrate of soda. The most im- 
portant fact brought out is the marked superiority of the 
latter as a source of nitrogen for spinach. 

Hanson Lettuce. —'Two rows of this crop, planted May 
7, were grown in each plot, the plants being brought by 


a 


* To enable the reader the better to make comparisons, the plots are characterized 
as ‘‘manure and muriate of potash,” ‘‘manure and sulphate of potash,’ etc. It 
should be remembered that dissolved bone-black was applied to all except Plot 0, 
and that every plot received material supplying both nitrogen and potash as well as 
phosphoric acid in addition to the manure. For the full list of fertilizers applied to 
each plot, see page 146. 
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thinning and resetting to a uniform distance of 1 foot in the 
rows, except on plots 1 ‘and 4, where a large number of the 
plants died soon after coming up. In harvesting, the heads 
of market size were cut from day to day. The total crop in 
pounds on the several plots was: Plot 0, 1794; Plot 1, 40; 
Plot 2, 1941; Plot 3, 2202: Plot 4, 135+; Plot 55:2 0@eaem 
Plot 6, 2314. 

The average yields, in pounds, produced by the different 
fertilizers were : — 


Manure alone (Plot 0, corrected for area), . : -  200e0 
Manure and muriate of potash (plots1,2and 3), .  . 151.7 
Manure and sulphate of potash (plots 4, 5 and 6), . » LOD 
Manure and sulphate of ammonia (plots 1 and 4),. os UBT ae 
Manure and nitrate of soda (plots 2 and 5), . : . 206.6 
Manure and dried blood (plots3and6), . . . 226.0 


The manure alone gave, as will be seen, a larger yield 
than any of the plots to which fertilizers as well as manure 
were applied. The only point clearly indicated is the ap- 
parent highly injurious effect of the sulphate of ammonia, 
particularly where used with the muriate of potash. — 

Dewing’s Blood Turnip Beet. —Six rows of this crop, 
planted May 7, were grown in each plot. In plots 1 and 
4 most of the plants soon became weak and sickly and 
many died, and there were not enough to restock to the 
uniform distance of 4 inches in the row, to which all the 
other plots were brought by thinning and resetting where 
needed. The few plants in plots 1 and 4 which survived 
until about July 1 then appeared to recover their vigor, and 
grew very rapidly. The yields of roots and tops were as 
shown below : — 


FLOTS. (Pounds) ; (Pounds). 
Plot 08 i.) gels SCR ai ial MC ees gk ee 340 440 
Plot 1,06 7 00) ee on Coe a a 80 160 
PLO 2, Vl A Ee NN a eee 440 570 
Phot, ise a Wee es raat es a a CT 515 
PLO, so! 2 ssi ra'ch ogee ennthe aie ea nt aaa 260 470 
Ptotb lh LIYE ARS, See) a i Re 460 490 


Plot 6 > © e e . ° . ° ° e e e e 325 335 
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The average yields in pounds per plot were as follows : — 


| Roots. | Tops. 
Manure alone (Plot 0, corrected), - - - 5 4 Ra : 374.7 484.9 
Manure and muriate of potash (plots 1,2and3), . 295.0 415.0 
Manure and sulphate of potash (plots 4, 5 and 6), 348.3 431.7 
Manure and sulphate of ammonia (plots 1 and 4), 170.0 315.0 
Manure and nitrate of soda (plots 2 and 5), | 450.0 530.0 
Manure and dried blood (plots 3 and6),. . | 345.0 425.0 


The general result here is similar to that with spinach ; 
7.€., muriate is inferior to the sulphate of potash; nitrate of 
soda is the best source of nitrogen; and sulphate of ammonia 
shows itself to have been actually injurious, particularly so 
with muriate of potash. 

Dwarf Champion Tomato. —'Two rows were set in each 
of the original six plots and three in Plot 0, the plants, 
purchased of the Horticultural Department, being rather 
small and uneven. The crop was picked as it ripened until 
September 23, when the balance of the fruit was picked 
green. The weights of ripe and of green fruit in pounds 
per plot are shown below :* — 


PLotTs. Ripe Fruit. | Green Fruit, 

Lbs. oz. Lbs. oz. 
Cee Ag a 422 3 179 8 
CE PCE Sat 387 7 223 0 
I a ee ee ee, 501 4 160 0 
EE MeL an nae et Ree ee ee Ae ie 328 2 178 0 
Plot4, . . ° : ° . ° ° ° : 2 A 430 6 181 0 
es ce we ee ee 413 1 84 8 
Plot 6, ° e . . ° . . . : ° . ° 405 4 181 8 


The averages of ripe fruit and total yield in pounds per 
plot were as shown in the table : — 


* The record of one day’s picking of ripe fruit was lost, but this does not change 
the relative standing of the plots. 
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| Ripe Fruit. Total 
Manure alone (Plot 0, corrected for area), . ‘ : “ . 361.9 515.7 
Manure and muriate of potash (plots1,2and3), . 4 f 405.6 592.6 
Manure and sulphate of potash (plots 4,5and6), . aa) ae 416.2 565.2 
Manure and sulphate of ammonia (plots land4), . rs 3 408.9 610.9 
Manure and nitrate of soda (plots 2 and 5), : 4 cE c 457.2 579.4 
Manure and dried blood (plots 3and6),_ . A ° : < 366.7 546.4 


The differences brought out by these averages are much 
smaller than in the case of the spinach and beets, but are in 
the same direction for ripe fruit; 7¢.e., sulphate of potash 
gives somewhat better returns than muriate, and nitrate of 
soda gives the largest yield of any of the sources of nitrogen. 
It is noteworthy that the sulphate of ammonia does not ap- 
pear to have injuriously affected this crop. This is perhaps 
due to the fact that the tomato is not set until about the first 
of June, and makes most of its growth when the season is 
well advanced. The crops shown to have been injured by 
the sulphate of ammonia, spinach and beets, are sown early, 
and make most of their growth before the season is far 
advanced. 

Fotler’s Drumhead Cabbage. —'Two rows in each of the 
original six plots and three in Plot 0 were grown. The 
seed was planted May 23, in hills, and later thinned to one 
in each hill, those destroyed by maggots being replaced. 
Owing to the unusually hot season, the crop was well grown 
by September 1, and numerous heads were beginning to 
crack. They were harvested as they matured, September 8 
to November 5. The yield in pounds of heads, practically 
all well filled and hard, was as follows: Plot 0, 729; Plot 
1, 720; Plot 2; 780; Plot 3,.710; Plot 4,)(o03)Slegues 
744; and Plot 6, 651. 

The average yields in pounds per plot were as follows : — 


Manure alone (Plot 0, corrected), . : . 624.9 
Manure and muriate of potash (plots 1, 9 fe 5) Dll » 736.7 
Manure and sulphate of potash (plots 4,5 and 6),. ee 
Manure and sulphate of ammonia (plots 1 and 4),. / Cees 
Manure and nitrate of soda, (plots 2 and 5), . : + 162.0 


Manure and dried blood (plots 3 and 6), d , . 680.5 
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Here we find the fertilizers have apparently produced a 
moderate increase in crop. The differences between them 
are far less marked than in the case of most of the other 
crops grown this year. The nitrate of soda appears to have 
been the best source of nitrogen for the cabbage. 

Early Maine Potatoes. —'The seed planted was grown in 
the State of Maine. It was treated with corrosive sublimate 
solution, for prevention of scab, and sun-sprouted. Before 
planting, the tubers were cut to pieces with two eyes each. 
Three rows per plot (4 on Plot 0) were grown. The seed 
was planted on May 9 in rows 3 feet apart, the pieces being 
dropped 1 foot apart in the rows. Ordinary thorough cult- 
ure was given until the vines covered the ground. The 
vines were sprayed with Bordeaux mixture (first on June 7) 
to repel the flea beetle. They were sprayed with suflicient 
frequency to keep the vines well covered with the mixture 
until the middle of August, the last application being made 
August 8. The Bordeaux mixture was applied nine times in 
all, frequent re-application being necessary, on account of 
the numerous heavy rains. The vines were slightly attacked 
by blight about the middle of July; but later in August new 
shoots were thrown out from the axils of the lower leaves, 
making a healthy growth, which remained green until very 
late in September. ‘The tubers averaged large and smooth, 
and showed very little rot when dug. <A few weeks after 
storing there were a few more decayed tubers. The yield 
in pounds was as follows : — 


Merchantable Small 
PLOTS. Tubers. Tubers. 

Plot 0, ‘ ‘ 5 x : F : ; i 4 A , 441.5 41.0 
Plot 1, f ; : 5 F A . i : : a 3 449.0 40.0 
Plot 2, z ‘ Z 7 : 5 - 4 ‘ m i. s 426.0 40.0 
mS eR Nog, 409.0 62.5 
Plot 4, ys x 550.0 35.0 
Plot 5, ‘ : . : P F . F 2 3 ; F 482.0 31.5 


Plot6,.. . ° . . : . . . . : . 482.0 51.5 
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Yield per Acre (Bushels). 


Puors. patron 
PG, 72) OUR CC A ARR RTT POUR Beak ee 381.5 | 35.4 
BSE, be Ley eR ee EAC NP a Perel So 447.2 35.8 
1a) APEC AVA ORE LC eM LURE Cog ea Nest yh GO FL au 381.7 35.8 
Phage lye!) Sa Pips ey ae Ty MN ERR 366.5 56.0 
PLO MO SH CMM) Oa eh A ROR UA I rea conan 492.8 31.4 
PLB Be SR kaa a EB i a 431.9 28.3 
PUG HB Wl iyo! alee sa CL SRN LURRC Ca aia a eN 431.9 46.1 


The averages calculated to show the relative effect of the 
different fertilizers are given below in pounds per plot : — 


Puan ce oe 
Manure alone (Plot 0, corrected), PU Sa aula bn olla ofa 425.7 39.5 
Manure and muriate of potash (plots1,2and3), . . . 444.7 47.5 
Manure and sulphate of potash (plots 4,5and6), . ° . 504.7 89.3 
Manure and sulphate of ammonia (plotsland4), . : : 524.5 37.5 
Manure and nitrate of soda (plots 2 and 5), cC ° oh doe 454.0 35.8 
Manure and dried blood (plots3and6), . d ° c . 445.5 57.0 


It becomes evident from a study of these figures that the 
fertilizers proved moderately beneficial to this crop, and that 
the sulphate of potash is superior to the muriate. The 
various sources of nitrogen rank in the order, sulphate of 
‘ammonia, nitrate of soda and dried blood, the first giving a 
much larger average crop than either of the others. It 
seems further important to point out that the combination 
sulphate of ammonia with muriate of potash, which has 
proved both in previous years and in this year so fatal 
to most crops, has given a fine crop of potatoes, at the 
rate of 447 bushels to the acre, the second in rank among 
the seven plots. No explanation can be offered, beyond 
that already suggested in the case of tomatoes, viz., that the 
potato has a much longer growing season than the crops 
doing so very poorly on this combination of fertilizers. It 
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seems reasonable to suppose that, as the season advances, 
the injurious ammonium chloride formed at first is either 
washed out of the soil or destroyed by further chemical 
changes. This question will be made a matter of further 
study. 

The spraying with Bordeaux mixture, although necessarily 
nine times repeated on account of the unusual number of 
heavy rains, must be considered to have been profitable, as 
the yield was very heavy, while in general the crop this year 
was light where spraying was not practised. 

Giant Pascal Celery. —Two rows were grown in each - 
plot; the plants, large and well grown, were set 1 foot 
apart in rows 5 feet apart on July 19. Banking began 
September 29, and the crop was put into the cellar in good 
condition on November 4. The growth on plots 0, 1 and 
4 was fair; on the other plots, excellent. There was con- 
siderable rust on Plot 0, while there was little or none on 
the other plots. The weights in pounds of the plants (in- 
cluding roots and a little earth) were as follows: Plot 0, 
443; Plot 1, 328; Plot 2, 478; Plot 3, 478; Plot 4, 348; 
Plot 5, 568; Plot 6, 488. 

The calculated averages will not be given until the crop is 
blanched, since the earth, of necessity left adhering to the 
roots of the plants as put into the cellar, is an element of 
uncertainty. It may be of interest to state that these aver- 
ages indicate little if any increase which can be attributed 
to the fertilizers. 

White Egg Turnips.— This crop followed spinach, let- 
tuce and table beets, without further manuring. The land 
was reploughed and fitted and the seed sown on July 28, in 
rows 14 inches apart. Soon after sowing a heavy shower 
caused some washing across the plots, which was particu- 
larly injurious on Plot 0. The crop was harvested Novem- 
ber 8 and 9, and was of excellent quality. The yields in 
pounds are shown in the following table : — 
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PLoTs. | Roots. | Tops. 
Ploto, . 4 : ‘ ay ; Shag s ; : 580.0 185 
52) (ly A COMES Te Ih TC IMM linia kM ODI Neotel Mad Sa 702.0 348 
Plot 2.70) hs : : i ike 4 Shane 2 Sens 753.5 315 
Plot 3, e e . e e e e ° . e e e 735.0 815 
Plot4, . : ; ; 2 : : ert 3 A a 938.0 335 
Plot5, . , ‘ ; : F : y aE : : 655.0 260 


PLE het Uae tase WOU) Me Ria AN aioe ie in tant Aa Ne 215 


The calculated averages in pounds are given in the follow- 
ing table : — 


| Roots. | Tops. 
Manure alone (Plot 0, corrected), ; . j 0 4 : 688.3 219.7 
Manure and muriate of potash (plots1,2.and3), . . . 730.3 326.0 
Manure and sulphate of potash (plots 4,5and 6), . 6 ‘ 761.0 270.0 
Manure and sulphate of ammonia (plots 1 and4), . J 820.0 341.5 
Manure and nitrate of soda (plots 2 and 5), . ° 5 ‘ 704.3 287.5 


Manure and dried blood (plots3and6), . 6 ‘ ; - 712.5 265.0 


The fertilizers are shown to have been moderately bene- 
ficial, there is not much difference between the two potash 
salts, and the sulphate of ammonia gives a much better 
crop than either of the nitrogen fertilizers. This is not 
strange, in view of these facts: (1) the plots to which this 
had been applied had produced but very small first crops, 
while the others had yielded heavily; and (2) that the tur- 
nips made their growth so late in the season that the in- 
jurious compounds often formed by this salt had become 
dissipated, or destroyed by further chemical changes. 


EXPERIMENTS IN MANURING GRASS LANDS. 


The system of using wood ashes, ground bone and mu- 
riate of potash, and manure in rotation upon grass land has 
been continued. We have three large plots (between two 
and three acres each) under this treatment. Under this 
system each plot receives wood ashes at the rate of 1 ton 
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per acre one year; the next year, ground bone 600 pounds 
and muriate of potash 200 pounds per acre; and the third 
year, manure at the rate of 8 tons. The system is so planned 
that each year we have one plot under each manuring. The 
manure is always applied in the fall, the other materials early 
in the spring; this year April 8 and 9. 

Plot 1, which this year received bone and potash, gave a 
yield at the rate of 5,137 pounds of hay and 2,370 pounds 
of rowen per acre. Plot 2, which received ashes, yielded 
4,602 pounds of hay and 2,142 pounds of rowen. Plot 3, 
which was dressed with manure in the fall of 1897, yielded 
5,233 pounds of hay and 2,823 pounds of rowen per acre. 
This field has now been ten years in grass, and during the 
continuance of the present system of manuring (since 1893) 
has produced an average product (hay and rowen both in- 
cluded) at the rate of 6,808 pounds per acre. The plots 
when dressed with manure have averaged 7,211 pounds per 
acre; when receiving bone and potash, 6,671 pounds per 
acre; and when receiving wood ashes, 6,541 pounds per 
acre. 

VARIETY TESTS. 


Our work in testing varieties this year has been confined 
to testing the potato. With this it has been extensive. 
The tests have been of two sorts; (1) a preliminary test 
with varieties grown for the first time; and (2) a test of 
the best twenty-five varieties, as indicated by the trial of 
last year. 

1. Preliminary Test.— As has been stated in my pre- 
vious reports upon variety work with the potato, I consider 
several years’ trial necessary to the formation of a judgment. 
The seed of new varieties as they are brought out must of 
necessity come from many widely separated localities. Such 
seed is unfit to serve as a basis for comparison, with the 
object of determining the relative merits of varieties, as it 
is well known to many and quite generally admitted that 
the place where any given variety of seed potatoes is pro- 
duced may greatly influence its product. Newly obtained 
varieties must also of necessity have been subjected to 
widely variant conditions of handling, preservation and 
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transportation, and all these factors influence product. For 
all these reasons our practice is to obtain but a small quan- 
tity of seed of new varieties as they come to our attention, 
and to plant this for the purpose of raising seed for the next 
year’s trial, which shall have been produced under similar 
conditions and similarly handled. This constitutes our 
‘preliminary test.” 

This test the past season included seventy-five varieties, 
obtained from almost as many seedsmen, scattered all over 
New England, the middle and central States and Canada. 
The seed of all was treated with corrosive sublimate solu- 
tion and sun-sprouted. It was then cut to pieces of two 
good eyes each, and planted one piece to a foot, in rows 3 
feet apart. The soll was a good medium loam, naturally 
well drained. The fertilizers used in pounds per acre 
were : — 


Nitrate of soda, ; : - : Shea 240 
Acid phosphate, ‘ ; : fa sy 400 
Sulphate of potash (high grade), : : : : 250 
Tankage, . : : i : : 240 


Dried blood, . ‘ : : : i : , ; 100 


These materials were mixed just before using, and scat- 
tered broadly in the drills before dropping the seed. The 
planting took place May 11 and 12. All varieties were 
injured by hot, dry weather, which came just as the 
tubers were forming, and by blight, although sprayed 
with Bordeaux mixture six times between June 13 and 
August 2. The varieties on which blight was first noticed 
were Salzer’s Earliest, Bliss Triumph, King of the Earliest 
and Lincoln, —July 24 and 25. All other varieties showed 
blight between July 28 and August 1, and to about an equal 
degree. It is thought that no varieties blighted long before 
they were mature; but, nevertheless, the blight undoubtedly 
greatly reduced the yields. Owing to the blight, the period 
of apparent ripening of all varieties was nearly the same, 
viz., August 27 to September 8. The potatoes were dug 
late in September. The average number of sets for each 
variety was about forty, and to this number the yield of 
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all has been corrected. Such correction, in our experience, 
always proves unduly favorable to the varieties of which we 
have the least seed. Our effort has always been to obtain 
just three pounds of each variety; but sometimes we are 
unable to obtain so much, or it may be that some tubers 
obtained prove unfit to plant, owing to bruising or decay. 

The yield this year has varied from 8.5 to 46.7 pounds of 
merchantable tubers for 40 sets.* Six varieties have given 
a yield of 40 pounds or above of merchantable tubers from 
40 sets, viz., Ford’s No. 31, 46.7; Early Minnesota, 44.7; 
Champion of the World, 41.8; Burr’s No. 1, 40.8; and 
American Wonder and Early Dawn, 40 each. Eight va- 
rieties gave under 20 pounds from 40 sets, viz., Lady 
Finger, 8.5; Mayflower, 13.9; Salzer’s Earliest, 14.2; 
Potentate, 15.3; Mills’s Long Keeper, 16; Livingston’s 
Pinkeye, 16.8; and King of the Earliest and White Beauty, 
18.5 each. 

2. Test with Twenty-five Varieties (the Best of Last 
Season).—'The seed of these varieties, it will be under- 
stood, was all of our own growing, and was of most excellent 
quality. It was prepared for planting as above described, 
and was planted upon similar soil and similarly manured. 
One hundred sets of each variety were planted on May 13. 
These varieties were sprayed six times, as were those in 
the preliminary test. They, however, showed considerable 
blight, and doubtless gave diminished yields because of this 
affection. The yields have been calculated to 40 sets, to 
make them comparable with the varieties in the other test. 
These are shown in the table following : — 


* Forty pounds for 40 sets corresponds to a yield of 242.4 bushels per acre. 
Thirty pounds for 40 sets corresponds to a yield of 181.8 bushels per acre. 
Twenty pounds for 40 sets corresponds to a yield of 121.2 bushels per acre. 
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Variety Test of Potatoes. Yield in Pounds from 40 Sets. 


Vanmens. Merchant 
Beauty of Hebron, . ‘ 4 4 4 i 2 4 . 33.40 7.00 
Bliss’ Lrigumphie! ucanyi ls ooh) Ove eve ee On Ol aay Che 20.40 9.60 
Carmen No.1, . ‘ : c A c “ i 4 3 23.40 12.80 
Dakota Red, j : 4 4 5 5 ; 4 c 19.20 10.80 
Dutton’s Seedling, . F 5 5 ‘ . , - : 32.20 15.20 
Manly Maimerko (| ci isin Se) wun von kell aan Anes a me 21.20 2.80 
Early Rose, . : ° 0 4 - : ‘ f 5 . 28.00 9.00 
Early Sunrise, . 5 6 fs - 5 4 3 i 26.40 10.80 
Empire State, . it atas A . SNe. ‘ : 12.40 7.60 
Enormous, . : A c 0 c 5 0 5 c . 36.80 4.20 
Fillbasket, . sels BN SHO mee ki ; : 37.60 5.60 
Late Puritan, : Mi 5 A : 5 : : 5 26.80 9.60 
Money Maken ii lie SE GNOMES ET GRO AR Sea a 26.60 7.40 
New Satisfaction, 3 c ‘ 5 0 F 5 fe : 26.60 6.00 
Prolific Rose, : 5 : . : ; : - F 5 28.20 8.00 
Restaurant, : 5 : - . ; : a 5 34.80 7.60 
Rochester Rose, . ; : : 5 4 : 5 4 : 29.60 8.80 
FROSBEN OL Oe LA ey EN BY i Cee I Aa a ge 34.00 5,20 
Sir William, - FV liane Be ve Beals : . ; 26.80 | 6.20 
State of Maine, . : 5 6 C ci : a ; A 34.00 4.80 
Phorburny finite ee ates Lane eB. eee Nt eH artes 35.80 6.40 
Uncle Sam, . : : rE 4 5 5 : ‘ ‘ é 28.40 3.80 
Roe 05s go AMARA UN Gene aL cer eg act CF ae AMM, GEN eed gas taf Bins 31.80 9.00 
White Elephant, . é E : : 4 ‘ : 3 é 40.20 8.00 
Woodbury’s White, . 5 : : : é pe aH : 35.90 5.00 


Last year the eleven best varieties ranked in yield of 
merchantable tubers in the following order: Rose No. 9, 
Restaurant, Woodbury’s White, Bliss’s Triumph, Prolific 
Rose, Empire State, Early Maine, Dakota Red, Sir William, 
Early Rose and Beauty of Hebron. All of these then gave 
a product at the rate of more than 220 bushels of merchant- 
able tubers per acre. 

This year the relative rank, as will be seen, is quite dif- 
ferent. The yields are in general much lower. ‘The results 
of this year, however, owing to the blight, cannot be re- 
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garded as affording a reliable index to the relative merits of 
the varieties. Their publication, however, serves to illus- 
trate how almost impossible it is, in the making of such 
tests, to establish the relative merits of varieties. As I have 
remarked in previous reports, it is significant that the old 
standard, Beauty of Hebron, is once more one of the first 
ten varieties. 


Identical Varieties under Different Names. 


As far as we are able to judge, there is no difference 
between King of the Earliest and Early Ohio; Salzer’s 
Earliest and Bliss’s Triumph ; Mills’s Banner and Livingston’s 
Banner; while White Beauty and Cambridge Russet differ 
but very slightly, the latter having a slightly more russetted 
skin than the former. 


Test of Seed of the Same Variety from Different Localities. 

In order to test the soundness of the a prior? conclusion 
that, to make the results of a variety test comparable for 
the purpose of determining relative merits, the seed of all 
should have been produced in the same locality and handled 
in all respects alike, an experiment was carried out with two 
of the old standard sorts, — Beauty of Hebron and Early 
Rose, — with seed of each from a considerable number of 
sources. The seed of the former came from eight different 
producers; that of the latter, from six. The methods pur- 
sued in seed preparation, soil, manuring, spraying, etc., 
were in all respects as in the variety test. 


Comparison of Seed Potatoes from Different Localities. Yield in 
Pounds of 40 Sets. 


VARIETIES. 


SouRCE OF THE SEED BEAUTY OF HEBRON. EARLY ROSE. 


Merchant- Small Merchant- Snail’ 


able. : able. 
Home grown, . : S fs 30.0 2.5 25.0 2.9 
Guelph, Ontario, D. of om , . ; 32.3 1.8 - - 
Pennsylvania grown, Dreer, ‘ 24.5 3.3 27.5 3.5 
James J. H. Gregory, Marblehead, Mass., 35.5 2.5 ~ ~ 
Cornell Experiment Station, Ithaca, N. pe 29.3 2.5 31.0 2.0 
Wisconsin, Olds Seed Company, : 26.0 4.5 - - 
Maine, A. H. Weeks Company, . : 33.3 2.8 ~ - 
Dibble Seed Company, N. Y., the 26.5 3.8 32.5 2.0 
Minnesota, Farmer Seed Company, , - - 21.0 3.8 
Kansas, F. Barteldes & Co. Bree * = - 20.0 7.8 
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The range of variation in yield, as will be seen, is large, 
amounting to almost 50 per cent. in the yield of merchant- 
able tubers for the Beauty of Hebron and to rather over 50 
per cent. for the Early Rose. In view of this wide differ- 
ence in the yield of the same variety, it must be admitted 
that variety tests in which the seed is brought together 
from many sources can have but a doubtful value. 

The extent of the variation in the type of the potatoes 
grown in this test was considerable, so great, indeed, as to 
make it doubtful whether in all cases the seed was true to 
name, although obtained from the most reliable parties in 
every instance. ‘The extent of the variation is in part shown 
in the table below, in which each lot is compared with the 
crop from our home-grown seed of the same variety : — 


Potatoes. — Comparison of Crops, Seed from Different Sources. 


ORIGIN OF THE SEED. Shape. Color. | Size. | Eyes. 


Beauty of Hebron. 


Home grown, . .| Long, elliptical, | Light flesh, mot- | Medium, | Medium, rather 
slightly flattened, | tled with darker deep. 
tapering strongly | shades. ; 
towards tip. 


J.d.H. Gregory, . 5 | Same, 5 .|Same, . 5 .|Same, . aes less 
eep. 

Dreer, Pennsylvania, .| Shorter,. 3 .|Same, . - .| Larger, .| Same. 

Olds Company, Wis- | Oval, slightly flat, | Lighter, . « - | Smaller, | Small. 
consin. same at both ends. 

Weeks Company,|Same, . 5 .|Same, . . | Larger, .| Less deep. 
Maine. 

Cornell Experiment Sta-| Same, . ° . | Light, bright pink, | Larger, . | Smaller. 
tion. 

Guelph, Ontario, Ex-|Same, . 3 .|Same, . A .| Same, .| Same. 
periment Station. 

Dibble Company, N.Y.,| Same, . - . | Lighter, . ‘ .| Same, .,; Same. 

Early Rose. 
_ Home grown, - .| Long, flattened, | Light pink, bright | Medium, ; Medium large. 


tapering towards | pink at seed end. 
seed end, curved. 


Dreer, Pennsylvania, . | Broader, morecom-| Lighter, . . .|Same, .j| Same. 
pact. 


Farmer Company, Min- |} Much broader, less | Same, . ° . | Smaller, | Same. 
nesota. curved. 


Cornell Experiment Sta--Longer, more|Same, . . . | Larger, . | Same. 
tion. curved. 
Kansas, Barteldes & Co.,| Broader, more like |Same, . : .; Same, .| Smaller, more 
Hebron. shallow. 


Dibble Company,N.Y.,| Same, . 5 .|Same, . 3 . | Larger, . | Large, shallow. 
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Individual Variation, Tubers of the Same Variety. 


In view of the frequently reported tests of varieties in 
which some two or three tubers only of each are used, it was 
thought best to carry out an experiment to determine if 
possible the extent to which the product of single tubers 
will vary when grown under conditions as favorable as pos- 
sible to uniformity of yield. As a preparation for this test, 
tiles two feet in diameter and four feet long were set into 
the ground in a single row, the distance between them being 
about two and one-half feet. To insure equal drainage con- 
ditions, a drain tile was laid at about the level of the lower 
edge of the tile, being given just enough pitch to carry off 
water. The plot of land in which the tiles were set was sur- 
rounded with drain tile, to prevent the ingress of soil water 
from outside. This plot had been uniformly manured for 
many years, so that the subsoil conditions below the tiles 
must have been practically uniform. ‘The plots were set so 
that the surface water from outside was excluded, but the 
earth outside was brought to within about one inch of the 
upper edge. 

These tiles so set were filled to within one foot of the 
top with carefully mixed subsoil, consisting of a very fine 
sand, this subsoil being settled by the liberal use of water. 
After this subsoil had thoroughly settled and somewhat 
dried, equal weights of carefully mixed medium loam were 
put into each tile, the quantities being sufficient to fill them. 
The amount used was two hundred and twenty-five pounds 
for each tile. Conclusive evidence that the work was well 
and uniformly done is afforded by the fact that the earth 
in the several tiles remained at practically uniform height 
throughout the season. 

With the upper four inches in depth of soil in these tiles 
were most carefully mixed the fertilizers applied, precisely 
the same weights as determined by chemical balances to each 
tile. The materials used supplied per tile and at the rate 
_ per acre as follows : — 
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MATERIALS USED. (Crate vig Fe 

(Pounds). 
Nitrate of soda, . c : 4 : : c r é 8.07 250 
Dried Miood, hn as a - : . Da lia a bots 3.23 100 
Tankage, . - e 8 5 “ d “ : m c . 8.07 250 
Acid phosphate, . e : é : ; a : . : 12.92 400 
Sulphate of potash (high grade), 0 é . 5 : : 9.69 300 


This fertilizer was applied May 9, and the seed was planted 
.the same day. The variety was Carmen No.1. The tubers 
selected were uniform in form, weight and all external char- 
acteristics, as far as it was possible to obtain such. The 
weights of the tubers were as follows: No. 1, 160 grams; 
No. 2, 185 grams; No. 3, 160 grams; No. 4, 140 grams ; 
No. 5, 185 grams; No. 6, 140 grams; No. 7, 140 grams; 
No. 8, 140 grams. The first seven tubers were treated 
with corrosive sublimate solution, and sun-sprouted; No. 
8 was not treated. Each tuber was cut to exact halves by 
weight, and the number of eyes on each half reduced to five 
in the same part of the tuber. The tubers were all typical 
of the variety, and all were entirely free from scab, but there 
had been a few scabbed potatoes in the crop from which they 
came. They were all planted face downward at the same 
depth, the halves of tuber No. 1 in tiles 1 and 2, the halves 
of tuber No. 2 in tiles 8 and 4, and so on, —and finally 
one-half of tuber No. 8 in tile 15. They all came up in 
good season, but somewhat irregularly, May 26 ie May 28. 
They were most carefully cultivated by hand, kept entirely 
free from weeds and from bugs by hand pulling and picking. 
Bordeaux mixture was applied six times, June 6 to July 25. 
There was practically no injury from either flea beetle or 
blight. The vines in different tiles showed quite different 
minor characteristics, and ripened unevenly, September 20 
to October 1, when the crop was harvested. At that time 
there was a very little yellowish-green color on part of one 
stalk in tile 9 and on one entire stalk in tile 8. All leaves 
had for some time been dead. The yields and remarks are 
given in the table : — 
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Yield of Different Tubers, Carmen Potato. 


Number Weight 


No. oF TUBER. Tile. | ai ‘a oo Remarks. 
Tuber No. 1, : Jue s : a ps 
Tuber No. 2, 5 a ius a eds One scabby. 
Tuber No. 3, ee ‘ - in aa Several slightly scabby. 
Tuber No. 4, : ° i ir to Small amount of scab. 
Tuber No.5, . . bs “ tase A very little scab. 
MameeMoe, |. . .|. 32 ee A little scab. 
ad a er a 1450; | A little seab. 
One-half of Tuber No. 8, . 15 16 1.320 Considerable scab. 


* The kilogram equals almost exactly 2.2 English pounds. 


The above weights were taken after the tubers had been 
carefully washed and dried. They showed a range of varia- 
tion amounting between halves to a little over 37 per cent., 
and between tubers of about 22 per cent. The differences 
in number and size of tubers are equally striking. In view 
of these facts, I submit that variety tests of potatoes upon a 
small scale can have but a small value for determining the 
probable relative yield of varieties. 


PouLtTrRy EXPERIMENTS. 


The experiments with poultry completed since our last 
annual report were begun in the late fall of 1897, and ex- 
tended through the winter of 1897 and 1898, and a part of 
them through the past summer and into the fall. The points 
upon which these experiments were designed to afford in- 
formation are the following : — 

1. Effect upon egg-production of the use of condition 
powders. 

2. Comparative value for egg-production of flesh or 
animal meal and cut fresh bone. 

3. Comparison for egg-production of a wide nutritive 
ration with a narrow; or, in other words, of a ration in 
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which corn meal and corn were prominent with one in which 
these feeds were replaced wholly or in large part with more 
nitrogenous foods, such as wheat middlings, gluten feed, 
wheat and oats. 

4, The influence of the presence of a cock with the hens 
upon egg-production. 


General Conditions. 


In all these experiments pullets purchased in Plymouth 
County and reaching us about the middle of October were 
used. These pullets were well-bred Barred Plymouth Rocks, 
not fancy stock (7. e., as to feather), but bright, healthy 
stock, hatched in April. These pullets were evenly divided 
into lots of twenty each, being matched in sets of two lots 
as closely as possible. Each lot occupied a detached house, 
including laying and roosting room ten by twelve feet and 
scratching shed eight by twelve feet, with the run of large 
yards of equal size whenever weather permitted. The win- 
ter tests began December 12 and ended April 30. The latter 
part of March a few hens were removed from each house for 
sitters, the same number from each. Egg records of the 
separate lots were kept from the time laying began to the 
time of beginning experiments, for the purpose of affording 
an index as to the equality or otherwise of the matched pairs 
of lots. The hens were all marked with leg bands, as a pre- 
cautionary measure for the purpose of Hier in the 
case of accidental mixture of fowls. 

All the meals and the cut clover were given in the form of 
a mash, fed early in the morning. This was mixed the night 
before with boiling water until January 8, and fed at the 
temperature of about 70° F. After January 8, the mashes 
were mixed with boiling water in the morning, and fed hot. 
At noon a few oats were scattered in the straw with which the 
scratching sheds were littered. At night the balance of the 
_whole grain was fed (also by scattering in the straw) one 
hour before dark. The fowls were given what whole grain 
they would eat up clean. Water, shells and artificial grit 
were kept before the fowls at all times. About twice a 
week a small cabbage was given to each lot of fowls, this, 
like all other food, being weighed. The eggs from each 
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lot were weighed weekly. The fowls were all weighed once 
each month. 

No male birds were kept in any of the pens in the winter 
experiments, nor, indeed, in any except where the influence 
of the cock was the subject of experiment. Sitters, except 
those taken out, above alluded to, were confined in a coop 
until broken up, being meanwhile fed like their mates. 

The prices per hundred weight for foods, upon which 
financial calculations are based, are shown below : — 


Wheat, . 3 : : f ; . : : se aes 
Oats, . : ; ; : : ; : 2 : Og 
Wheat bran, . é ‘ : ; : : ; ‘ 60 
Wheat middlings, . : : : , : d : 75 
Gluten feed, : : : ! ; F ‘ oe 
Animal meal, . : : ‘ , P bs 2 S200 
Cut clover rowen, . F j - : j : 1 USO 
Cabbage, . ; ; : : ETA : ; : 25 
Cut bone, . - , ‘ : : ; : . ~.\2 00 
Gluten meal, . p : : : 4 5 ; 80 
Corn meal, . : . : ; ‘ ; 85 
Corn, . : : : ; : , ; : ‘ : 85 


Composition of Foods (Per Cent.). 


ArR Dry Foop contTaIns — 


KIND. Moisture. 
Ash. | Protein. | Fibre. | Extract. Fat. 
Whole wheat, . . - 10.51 1.85 12.64 2.55 71.01 1.44 
Whole oats, 5 5 F 8.06 3.21 11.96 11.64 61.48 3.65 
Cut clover rowen, c : 9.80 7.36 17.88 22.18 39.70 3.08 
Wheat middlings, . : 9.25 4.63 17.52 9.91 53.11 5.58 
Animal meal, . c - 5.06 39.26 37.66 1.01 5.56 11.45 
Whole corn, : : ; iyiqi il 1.31 9.55 1.90 71.26 3.87 
Dry MATTER CONTAINS — 
KIND. Moisture. l 
Ash. | Protein. | Fibre. | Extract. Fat. 
Bran, . a? ° 12.72 6.96 18.01 11.65 57.92 5.46 
Gluten feed, 5 ; “ 9.10 0.92 24.59 TAT 63.43 3.89 
Corn meal, . é : ; 13.43 1.46 11.01 1.96 81.44 4.13 
Cabbage, . . : A 89.45 7.94 25.69 9.31 54.76 2.30 
Cutbone, . . ] : 26.29 21.50 20.62 - - 31.38 
Gluten meal, . - 8.77 1.50 37.64 3.87 54.59 2.40 


168 HATCH EXPERIMENT STATION. [Jan. 


I. Effect of Condition Powder upon Egg-production. 


Each coop contained twenty pullets at the beginning of 
the experiment; the fowls in the no condition-powder coop 
weighing 103 pounds, and having laid, November 18 to 
December 12, 46 eggs; the fowls in the condition-powder 
coop weighing 97 pounds, and having laid 14 eggs. The 
rations of the two lots of fowls were the same, except to 
the morning mash of one lot was added condition powder 
to the full amount recommended by makers; viz., 3 scoops 
(provided for measuring) heaping full. This amount of 
condition powder was enough to make the mash several 
shades darker than the one without it, and to impart a 
strong odor. Being mixed sometimes in the room where 
milk was standing, it imparted a flavor to butter made there- 
from which was recognized by our expert butter maker, who 
knew nothing concerning its use, and who worked in rooms 
a quarter of a mile distant, to which the milk was taken. 
The pen receiving the powder consumed during the winter 
four two-pound cans of it, costing at retail $4. 

Both lots of fowls were healthy throughout the entire 
test. Two fowls were stolen from the lot receiving no 
condition powders on the night of March 27. One soft- 
shelled egg was laid by a fowl receiving condition powder. 
The tables give all details necessary to a comparison of the 
results : — 


Foods consumed, Condition-powder Eaperiment. 


AMOUNT. 


Kinds oF Foon. Condition | No Condition 


Powder. Powder. 

Lbs. 02. Lbs. oz. 
Wheat, . : ; j ; A : 5 : P 0 5 269 0 250 O 
Oats, . ; : 0 : : : : SNe S 155 0 152 0 
Bran, : : ¢ i 5 4 5 4 a: : 44. 0 44 8 
Middlings : : : : : ° Batiays - A iva 44. 0 44 8 
Gluten feed, . 4 : : : ‘ : : : ° . 44 0 44 8 
Animal meal, . ° ¢ : 5 . f A 5 : . 52 0 52 8 
Clover, . ; . ; ° 5 5 ° A : 0 43. 0 44 8 
Cabbage, . : * é 5 é . ; 5 . 5 15 15 15 3 
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Average Weights of the Fowls (Pounds). 


DATES. Condition | No Condition 


Powder, Powder. 
December 12, . 5 : . : - ‘ Fe ‘ 5 - 4.85 5.15 
January 31, . : : : z - 5 ; . : . 5.21 5.41 
February 25, . P i A : a - A “ . 5.44 5.53 
March 30, . : - : ‘ : ; : : a : 5.25 5.48 
April oe, : : “ : . ‘ 3 : 4 5.11 4.88 


Eggs per Month (Number). 


Monrus. Condition | No Condition 


Powder. Powder. 
December, : 5 A : - : = - ‘ : 28 59 
SS ee 90 66 
February, 3 A : : 4 r - = “ : i 86 101 
March, . F . . ‘ - - ‘ F ‘ 4 217 288 
April, it - 298 291 
Totals, 719 ra eae 


Condition Powder for Egg-production (December 12 to April 30). 


Condition | No Condition 

F Powder. Powder. 
Hen days, - - : - . ‘ . - - 2,751 2,656 
Gross cost of food,. : ‘ ‘i : A ‘ : : 2 $8 91 $8 59 
Cost per hen day, . Paden Cah : % : : ; , : $0 0032 $0 0032 
Total number of eggs, . “ - r - = ~ . : 719 745 
Cost per egg, not including powder, . : P ‘ 5 ; $0 0124 $0 0115 
Cost per egg, including powder, . é 5 : 3 r : $0 0180 $0 0115 
Eggs per hen day, . - . : ‘ Z ; “ : A -26-+ -28-+- 
Total weight of eggs (pounds), . “ - ~ : - 88.08 90.80 
Average weight of'eggs (ounces), S A - - e 5 1.96 1.95 
Dry matter to produce 1 egg (pounds), fy : . ° a -82 oll 
Dry matter consumed per hen day (pounds), . 5 : S .22— -22— 
Nutritive ratio, 5 Ee Se . er ; * : 1:4.6+- 1:4.6— 


Sitters, . : : a : ary, elie 3 8 14 
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Eggs from both lots of fowls were tested under numbers 
by two families. One family reports no difference; the 
other found the eggs from the hens not getting the powder 
‘¢much preferable” to the others. 


Oonclusion. 


A study of the figures showing results shows that the 
hens not getting the condition powder laid more eggs, of 
practically the same average weight. The food required to 
produce a single egg was less, and the cost was very ma- 
terially less. The average weight of the fowls net getting 
the powder at the close of the experiment was about one- 
quarter of a pound less than that of the other. 

We have now carried through three experiments to test 
the value of condition powder for egg-production. The 
differences have in every case been small. In favor of 
the condition powder we have one experiment, against it 
we have two experiments. It is not, however, my disposi- 
tion to claim that the powder is injurious, but simply that a 
is not beneficial. This the four experiments, carried out 
with the utmost fairness and with every care, certainly 
prove. In the light of these results, it is believed that 
poultry keepers throw away money expended for condition 
powder. ; 


2. Animal Meal v. Cut Bone for Egg-production (Decem- 
ber 12 to April 30). 


In this experiment there were nineteen pullets in each 
house when the experiment began. Those in the animal- 
meal house weighed 101.5 pounds, and had laid, November 
8 to December 12, 82 eggs. The pullets in the cut-bone 
coop weighed 101.25 pounds, and had laid 41 eggs. 

In the morning mash of one lot one part animal meal to 
five parts total dry materials was used; in the mash of the 
other lot, the same proportion of fresh-cut bone was mixed. 
The large, flat bones, comparatively free from meat or fat, 
were used. 

In the animal-meal coop the health of the birds was good, 
but one fowl being out of condition in any way. She be- 
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came sick about April 1, and was killed, as she seemed to 
be growing gradually worse, on April 10. The nature of 
the trouble was unknown. Almost from the first, bowel 
troubles were not uncommon in the cut-bone coop. Two 
fowls died (December 23 and January 11) after short ill- 
ness. On April 11 one hen was found with a disjointed 
leg, and she was killed. The animal-meal coop laid three 
soft-shelled eggs; the other, two. 

The bone fed amounted to only .27 ounce per hen daily. 
One-half ounce and over is the usual recommendation by 
writers upon the subject. We find it impossible to feed so 
largely without serious bowel trouble. 


Foods consumed, Animal Meal v. Cut Bone. 


KINDS OF Foon. | Animal Meal. | Cut Bone. 
Ibs. oz. lbs. oz. 
I eh ee, 256 0 262 0 
CP 143 0 145 0 
ES 44 8 39 0 
Wheat middlings, ... eae Beater ie! sail bien : 44 8 39 «(0 
Gluten feed, 4 : : - - A 44 8 - 
Gluten meal, : : : . . ; ° ‘ 3 - - 390 
Animal meal, : ° , 5 5 ¢ c = . - 44. 8 - 
Cut bone, . 4 s ; - : : 5 - 2 2 - 40 0 
Cloverrowen, . - - 4 P ‘ A - : C 44 8 39 «0 
Cabbage, . 5 A ; 3 ; 5 5 < P 19 3 1S'88 
Average Weights of the Fowls (Pounds). 
DaTEs. Animal Meal. | Cut Bone. 
December 12, F ° F “ : ° a . a : 5.34 5.38 
January 31, 4 ‘ : ee 2 a Pea 5.64 | 5.66 
a ee i a 5.66 5.88 
March S05) ue . : : - : . - A ° 5.09 5.27 
April oe ORR SSRI Ts te oF el 5.06 5.53 


TC OO —-—-—-—-—oOoron> 
RR NN 


172 HATCH EXPERIMENT STATION. [ Jan. 


Eggs per Month (Number). 


MONTHS. | Animal Meal. | Cut Bone. 
December, . ; : ? ‘ . : : ; : i 63 57 
January, . ‘ ‘ ‘ a‘ ¢ : ‘ , 4 ‘ 92 83 
February, . ; 0° é : “ 5 5 “ 184 120 
March, . ; : : F ¢ ‘ . é P . ; 263 259 
opr eo aaa ae igh aa alt aes Rg oor 210 209 
Motale, «ag 22. Sit a he ale alae mae te) 812 728 


Animal Meal v. Cut Bone for Egg-production. 


Animal Meal. | Cut Bone. 

Total number of eggs, ‘ i - 5 5 5 A 5 812 728 
Hen days, . : 5 0 5 - c ‘4 5 ‘ A 2,561 2,331 
Gross cost of foods, . . 5 ¥ p . 5 ; i $8 45 $8 29 
Cost per egg, : : r : 5 2 A : 0 : $0 0104 $0 0114 
Cost per hen day, LeU Men IMINO SA UST deat a! jy oie $0 00383 | $0 0035 
Total weight of eggs (pounds), age it MG RO er 100.5 88.7 
Average weight per egg (ounces), . ; ; : D c 1.98 1.95 
Eggs per hen day, : 5 c : . c : c ou ‘al 
Dry matter consumed per Relay (pounds), . “ 5 “ 22 23 
‘Dry matter to produce 1 egg (pounds), . : c : 5 -695 739 
Nutritive ratio, . 5 4 : z : A n 4 : 1:4.6 1:4.7 
Sitters, . s . : 4 : 4 ‘ : : c é 22 13 


“E 


A test of the eggs both raw and boiled was made by an 
expert, who found the animal-meal eggs inferior, in color 
and flavor, to the others. 


Conclusion. 


In conclusion, then, I may quote the closing summary of 
results made in my report upon a similar experiment last 
year. <‘*The advantage in this trial lies, then, clearly with 
the animal meal as a food for egg-production. It has given 
more eggs of greater average weight and at considerably 
less cost than the bone; and it is, moreover, a more con- 
venient food to use, as well as safer.” In one respect only 
is the animal meal apparently inferior to the bone this 
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year, viz., the fowls getting it weigh less at the close of the 
experiment than the others. This loss in weight is, how- 
ever, far more than covered by the greater value of eggs 
produced. | 

We have now carried through five experiments, compar- 
ing these two feeds. Two have given results slightly 
favorable to the bone in number of eggs; one a similar re- 
sult in favor of the animal meal; and two — the two last, 
which have been the most perfectly carried out — have been 
most decisively favorable to the animal meal. The latter 
has also been found the safer food. The greatly preponder- 
ating weight of the evidence afforded by these experiments, 
which have been most carefully conducted, is, therefore, in 
Savor of the animal meal. 


3. Narrow v. Wide Ration for Egg-production. 


The experiments coming under this head have been two, 
one extending from December 12 to April 30, the other 
from May 1 to October 4. The object in view was to test 
the correctness of the generally held opinion that the food 
of the laying hen must be very rich in nitrogenous constit- 
uents. As we have carried out the experiment, it amounts 
to a substitution of corn meal for wheat middlings and gluten 
feed in the morning mash, and the replacement of about one- 
half of the oats and the wheat fed at night with the corn. 
The proportions of cut clover and of animal meal have re- 
mained the same in the two rations. 

The health of the fowls on both rations has been uniformly 
good throughout both the winter and summer test, with a 
single exception, — the loss of one fowl from the effects 
of indigestion, — on the wide ration. It was found to re- 
quire the exercise of more judgment in feeding to keep the 
fowls on the heavier corn ration in perfect condition. They 
were more easily overfed, and on two or three occasions lost 
appetite for their feed for short periods. 


The Winter Hxperiment. 


On December 12 the pullets, 19 in each lot, weighed as 
follows: narrow ration, 101.75 pounds; wide ration, 102.5 
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pounds. The first lot had laid, November 12 to December 
12, 127 eggs; the other lot, 85 eggs, and one in this lot 
was broody. The foods consumed during the winter exper- 
iment and other details are shown in the following table : — 


Foods consumed, Narrow v. Wide Ration (December 12 to 


April 30). 
KInpDs oF Foop. Narrow Ration.| Wide Ration. 

Ibs. oz. lbs. oz. 
Wheat, 5 : - a . ‘ 3 - A 257 0 126 0 
Oats, . 4 “ < : . 2 : : - d ° 147 0 63 0 
Bran, . 5 A 5 ‘ 5 : C c - - - 43 0 39 «(0 
Middlings, e ° e e e ° e ° . e e 43 0 — 
Gluten feed, - - 6 . 5 < 5 > C . 43 0 - 
Animal meal, . . 5 2 - 5 ° ° ° . 43 0 39 «(0 
Clover, . - 5 - : . 5 : : SANE artes 44 0 39° 0 
Corn meal, . - 5 4 5 = : * “ ° ° - 108 0 
Corn, e ° ° . . . e e ° e e e a 136 0 
Cabbage, : A ° ‘ 6 F : 4 4 - 5 18 5 16 65 

Average Weight of the Fowls (Pounds). 
DatTEs. Narrow Ration.| Wide Ration. 

December 12, 4 : 5 : = - 0 ° b 5.36 5.39 
January 31, 5 c . eh aes ‘ : 6 : : 5.41 5.84 
February 25; A - : : : . : : 5 . 5.45 5.80 
March 30, : 0 4 5 i - : : - c 5.16 5.57 
April 30, A ‘ ° ' : : . ° ° 6 5.17 5.31 


Number of Eggs per Month, Narrow v. Wide Ration, Winter Test. 


MONTHS. Narrow Ration.| Wide Ration. 
December 12to31,_ . : : 5 : : ¢ s 3 94 89 
January, 5 4 ; 4 6 f c a . - > 99 148 
February, . 6 F 5 * : a : 5 > 147 258 
March, . ‘ 2 : 4 . 5 : : ¢ 310 317 
April, . : f 0 5 : 4 - . 5 : 0 210 259 


Potala, iy.) phe diag nek nets nae eae 860 1,071 
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Narrow v. Wide Ration for Egg-production, Winter Test. 


Narrow Ration.| Wide Ration. 


Hen days, . : ; 3 : : : 5 : ; 7 2,529 2,538 
Gross cost of foods, . : : 5 ‘ ‘ A $8 54 $6 56 
Cost per hen day, = F : : - : 4 fs 4 $0 0033 $0 0026 
Total number of eggs, : “ : > 2 - ° . 860 1,071 
Cost per egg, , ‘ : c % i : 2 : $0 0099 $0 0061 
Eggs per hen day, : é : . : - - ° ° -34— -42-+- 
Total weight of eggs (pounds), ; 4 - A 4 # 102.425 130.53— 
Average weight of eggs (ounces), . ~ . é - P 1.98 1.95 
Dry matter to produce one egg (pounds), s ° ° ° -655 46 
Dry matter consumed per hen day (pounds),. - - . | 22 19 
Nutritive ratio, . = . : 2 3 “ 4 1:4.7— 1:5.6— 
Number of sitters, . A = 5 : : | 30 24 


Summer Experiment. 


The summer experiment was continued with the same 
fowls that had been used in the winter. The method of 
feeding remained the same, save in two particulars: (1) in 
place of cut clover rowen in the mash every morning, lawn 
clippings in such quantity as the fowls would eat before 
wilting were fed three times per week, to each lot the 
same; and (2) the feeding of cabbages was discontinued. 
The yards (fifty by twenty-four feet) were kept fresh by 
frequent use of the cultivator. The health of one fowl only 
suffered during the experiment. One of the corn-fed fowls 
appeared dumpy for a few days, but was fully recovered in 
two weeks. As in the winter test, the fowls fed largely on 
corn showed less relish for their whole grain than the others. 
Food consumed and other details are shown below : — 


Foods consumed, Narrow v. Wide Ration (May 1 to October 4). 


KINDS oF Foon. Narrow Ration.| Wide Ration. 


Lbs. Lbs. 
Wheat, ee a eee sae ee Bae 276 1314 
Oats, . - A * : é : : A ; : 97 43 
Bran, |\. : : : : é : 2 ; ‘ - , 43 40 
Middlings, . a : : é - si $ : A 43 ~ 
Animal meal, : : - A 5 . ; s : - 43 40 
Corn meal, . p : ‘ . : : : : ; : - 1063 
@orm, +. . d z C - J ; F F : - - 2174 


Gluten feed, . : 4 ; : ‘ , : : - 43 16 
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Average Weight of the Fowls (Pounds). 


DaTEs. Narrow Ration.| Wide Ration. 
Dy | MES OM mm a PS IAT ZA ORI aa lS aa Lh fie oy 5.17 5.31 
June il, . is ; Pee A ‘ f : : 5.00 5.25 
ea LG le OMT Sh ENC) hae a ia AIR ee a ae 5.47 5.22 
August 11, . & : ; ! " ; : ; : 5.05 5.50 
Before killing, . ‘ 6 5 d . : “ 5.07 5.44 
Dressed, : 5 : : 5 - 3 5 c 5 4.37* 4.81f 
* Or 86 per cent. t Or 88 per cent. 


Eggs per Month (Number). 


MONTHS. Narrow Ration.| Wide Ration. 

May, . 5 : j . i ; j s 5 : 0 216 292 
June, . % : Fi : 4 E Pipes 4 182 204 
aly Ga) LI RAI RON oF RESEND A ee ae 157 210 
August, : 5 : 5 : : 5 : 5 “ : 151 197 
September, 25/4058 Hh RAR eee eee 139 Pape 
October 1-14, eg gee 5 : : : A 5 ; : 14 18 

Totals, . ; = : : : : s ; A : 859 1,095 


Narrow v. Wide Ration for Egg-production, Summer Test. 


Narrow Ration.| Wide Ration. 


Hen days, . - - 4 7 ° - : : d - 2,355 2,512 
Gross cost, . Rea 4 f : ; : ; A $7 56 $6 64 
Cost per hen day, 0b : : d a 9 : 5 5 $0 0032 $0 0026 
Total number of eggs, : 4 : 5 i ; : 4 859 1,095 
Cost per egg, 4 aia ‘ : ‘ : ‘ . $0 0088 $0 0061 
Eggs per hen day, 5 é “ : s : i ‘ 0 -36 | 64@ 

Total weight of eggs (pounds), : 5 “ 4 5 é 106.3 130 
Average weight of eggs (ounces), . . Sas 5 . 1.98 1.90 

Dry matter to produce one egg (pounds), C 6 : 5 57+ 48+ 
Dry matter consumed per hen day (pounds),. . . - -21— 21+ 


Sitters, . ‘ A Z RAiein§ a) tare bie Vania ie 67 60 
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The fowls on the wide (corn) ration laid three soft-shelled 
eggs during the winter test and one during the summer. 
These are not included in the tabular reports. 

Study of the results reveals the following facts : — 

L. The hens on the wide (rich in corn) ration laid a great 
many more eggs in both the winter and in the summer experr- 
ments than those on the narrower ration. 

2. The difference in favor of the wide ration amounts to 
25 per cent. in the winter trial and to 332 per cent. in the 
summer trial, upon the basis of equal number of hen days. 

3. The total cost of feeds was less for the wide ration, and 
of course the cost per egg was much less. In the production 
of one hundred dozen eggs the saving on the basis of our 
winter test would amount to $4.56; on the basis of the sum- 
mer test, to $3.24. 

4. In average weight of the eggs produced there vs a small 
difference in favor of the narrow ration; but in quality the 
weight of family evidence shows the eggs produced by the 
corn-fed hens to have been somewhat superior. They were 
deeper yellow and of a milder flavor than the eggs from the 
narrower ration. 

5. The fowls on the wide ration gained somewhat in 
weight and were heavier at the close of the experiment than 
the others, notwithstanding the much larger number of eggs 
laid. 

At the close of the experiment the fowls were closely 
judged as to the condition of the plumage while still living, 
and it was decided that the corn-fed hens were farther 
advanced in moulting than the others. The fowls were 
slaughtered, and the judgment of the men removing the 
feathers coincided with the judgment on the living fowls. 

The averages before and after dressing were as follows: 
narrow-ration fowls, 5.07 pounds; dressed weight, 4.37 
pounds; wide-ration fowls, 5.44 pounds; dressed weight, 
4.81 pounds. The narrow-ration fowls gave 86 per cent. 
dressed weight; the others, 88 per cent. The dressed fowls 
were judged by a market expert, who pronounced the corn-fed 
fowls slightly superior to the others. 

The results are thus greatly in favor of the ration richer in 
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corn meal and corn; and so important will a knowledge of 
this fact prove (if confirmed by further trials), because of the 
cheapness of these foods as compared with wheat, that the ex- 
perement ws bemg repeated this year with three different 
breeds of fowls, using corn yet more largely than last year. 


4. Influence of the Cock on Egg-production. 


At the close of the winter tests the hens that had been 
used in the condition-powder and cut-bone experiments 
were matched in such a manner as to equalize previous 
feed conditions in four coops of sixteen fowls each. The 
fowls were all put upon the same feed, and egg records 
were kept for two weeks, to determine whether the fowls 
seemed evenly matched. At the end of the time a vigorous 
White Leghorn cock was placed in two of the coops. We 
had thus two experiments co-incidently running. These 
will be designated respectively test No. 1 and test No. 2. 

Test No. 1. Influence of the Cock on EHgq-production. — 
In the’preliminary trial the hens in pen 1 laid 129 eggs; 
those in pen 2, 107 eggs. In the first pen five hens were 
brooding; in the second, seven. The fowls in both pens 
were fed alike, each receiving, in addition to the feed re- 
corded, lawn clippings three times per week. The experi- 
ment began May 13 and extended to September 2. In 
calculating the food cost per hen day the cock is included 
in the hen days, but in calculating the number of eggs per 
hen day the cock is not included. No ill health or accidents 
of any kind occurred. The cock in the trial was in pen 1. 


Foods consumed (May 14 to September 2). 


KInpDs oF Foon. | Penl. | Pen 2. 

Lbs. Lbs. 

Wheat, . s ° . é 3 : : ; : ° Z 194 | 194 
Oats, 5 é , ; A : ; A ¢ : : ° 82 78 
Beran, os oo Ge iW) gba ee ea oe te 32 32 
Middlingh, (ic. val Chae (dace ea ee ne na 32 32 
Gluten feed, . . : 5 a : - : . 32 32 


Animal meal, , “ . . 5 fj A 0 : 5 . ' 32 32 
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Average Weight of Fowls (Pounds). 


DATES. | Pen 1. | Pen 2. 
May 14, beginning, . . . : : ; A 5.12 5.09 
June NE ed a a 4.69 4.91 
July Fe ee ae 4.91 4.94 
August is - c 4 : - - ; r A 4.87 5.09 
September 1, end, “ne suhieris , oe oe: . ‘ 4,82 4.95 


Influence of Cock on Egg-production. 


Cock No Cock 

with Hens. | with Hens. 
Hen days, including cock, . A x ‘ 5 . A 1,904 - 
Hen days, without cock, * ‘ : A F A = - 1,792 1,792 
Gross cost of food, : A : : fi : : . : $5 53 $5 49 
Costperhenday,. . =. s , “ : ; 5 a ole $0 0029 $0 0031 
Total oumber of eggs, . 3 : . , : : - ; 631 630 
Cost per egg, . : > : : i ¥ 4 é $0 0088 $0 0087 
Eggs per hen day, . an Se : : < : ee ey - 685+ -386— 
Total weight of eggs (pounds), . : : - - ‘ 5 17.3 76.79 
Average weight of eggs (ounces), 5 : 5 - “ 5 1.96 1.95 
Dry matter consumed per hen day (pounds), . > 2 : 19 -20 
Dry matter consumed per egg (pounds), . : : : -58— -o7T+ 
Nutritive ratio, : ; F - : - ; - : 1:4.7— 134.7 
Sitters, . 5 F a E - 7 s ; : ‘ : 41 45 


Test No. 2. Influence of the Cock on Eqg-production. — 
During the preliminary period the fowls in pen 5 laid 90 
eggs, three offering to sit; those in pen 6 laid 107 eggs, five 
offering to sit. The cock was placed in pen 6. One hen 
in pen 6 was lame from July 6 to the end of the test; one 
in pen 5 was injured in the back on July 22, and died 
August 4. This test closed August 25. 


180 HATCH EXPERIMENT STATION. [ Jan. 


Foods consumed (May 14 to August 25). 


KINDS OF Foop. | Pen 6. | Pen 5. 
Wheat, ‘ A . i ° ° . sty elk 
Oate ar eee eure f He tel tS abel a hee oy Sw 80% 813 
Bran, . s . : 4 . 315 305 
Middlings, . : : “ . . 3 ahi Nie 315 30} 
Gluten feed, .  . d mies : osha he ti ie : 31} . 804 


Animal meal, . ‘ (i : . c 5 c < C 313 30} 


Average Weight of Hens (Pounds). 


DATES. | Pen 6. | Pen 5. 
May 14,. . : 6 : Autos . A A c GH 4.91 5.06 
SUNS P lL oo beat eros BO SEM ys gi obriee 21 ier Us aml 4.79 4.94 
July 16, 3 “ ° : hare 5 : 4 A 4.91 5.09 
August 11, c : F A mt Ma 4 : a ; 5 4.94 5.17 
August 23, ' ; B c $ , 5 . ; $ 4.72 j 5,02 


Influence of the Cock on Egg-production. 


Cock No Cock 

7 with Hens. | with Hens. 
Hen days, ge ogg PON te AO ee RU tS Glee imc Nar 1,664 1,643 — 
Hen days with cock, - 5 : c 5 4 : 3 ‘ 1,768 - 
Gross cost of foods, . A : a : 0 é : $5 24 $4 89 
Cost per hen day, . 5 . 4 4 : 5 4 - 6 $0 0030 $0 0030 
Total number of eggs, . 5 : : ‘ 6 ie 629 526 
Cost per egg, . ‘4 : ; i ‘ . é 5 F F $0 0083 $0 0098 - 
Eggs per hen day, . : 5 - : 4 ° ‘ 3 -38-+- -33o— 
Total weight ofeggs (pounds), - .- + «© +. «. - 17.84 64.76 
Average weight of eggs (ounces), cs A 2 ‘ 1.98 1.97 
Dry matter to produce 1 egg (pounds), . ; 5 ; 5 50 .63— 
Dry matter consumed per hen day (pounds), . : : “ 20 -20 
Nutritive ratio, : H : ; ee : : j 1:4.8 1:4.7 


Sitters, . ° A fs 5 . ( eG : ‘ ; 35 33 


LT 
a 
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Study of these results shows that the cock was without ap- 
parent influence upon the egg product of these fowls. The 
differences are very small, too insignificant to have much 
weight, even if in both trials of the same nature. When 
we note, however, that in one trial the balance was very 
slightly in favor of the set of fowls with which the cock was 
kept, and that in the other trial it was with the fowls kept 
without the cock, we must conclude that the results prove 
neither benefit nor injury due to the presence of the male. 
In one respect only is there agreement in the results of the 
two trials; the average weight of the eggs from the hens 
with which a male was kept was slightly the greater in both 
trials. It seems not impossible that this effect may be due 
to the fact that the eggs had been fertilized. The differ- 
ence is, however, exceedingly small, and would be wholly 
without significance to the producer of eggs for market or 
for table use. 
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REPORT OF THE ENTOMOLOGIST. 


CHARLES H. FERNALD. 


The work of the past season has been along the lines indi- 
cated in a previous report, so far as time and circumstances 
would permit. It has seemed desirable to give especial — 
attention to the immediate needs of the citizens of this 
Commonwealth, as indicated by the extensive correspond- 
ence, from which one is enabled to gain a pretty clear idea 
of the insects especially troublesome, and upon which help 
is needed, from year to year. The work on the gypsy and 
brown-tail moths has demanded a large amount of time, not 
only in frequent inspections of the field work in the infested 
territory, but also in planning and directing the scientific 
part of the work. | 

A monograph of the plume-moths (Pterophoride) of North 
America was prepared and published in the last college re- 
port, and a revised edition was issued in July as a special 
bulletin from this station. Such monographs are absolutely 
essential as foundation work in economic entomology. Iam 
now at work, when other duties permit, on a similar mono- 
eraph of the two remaining families of the Pyralidae. Mr. 
Cooley’s monograph on the genus Chionaspis, a group of 
very pernicious scale insects, is now quite far advanced, and 
will soon be ready for publication. 


THE San José ScaLe. 

This insect has now unfortunately become established in 
various parts of the State, and has been sent here for deter- 
mination during the past season more frequently than any 
other. This pest, as well’ as several other injurious scale 
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insects, has been brought into the State and distributed 
among our fruit growers on nursery stock; and, unless 
present in large numbers, they are liable to be entirely 
overlooked, both by the nurseryman and the purchaser, but 
when they are discovered, not only does the purchaser suffer 
from the loss of his trees, but the nurseryman is sure to lose 
his trade. Asa result, some of our more progressive dealers 
in nursery stock, by my advice, have built fumigating houses, 
and treat all stock received and sent out, with hydro-cyanic 
acid gas. 

Many of the other States have enacted laws for the regular 
examination of their nurseries, and also prohibiting the intro- 
duction of nursery stock that has not been examined by an 
expert entomologist, appointed for that purpose by the State 
from which the stock was shipped, and accompanied by his 
certificate of examination. This has shut out the trade of 
our nurserymen more or less from all those States where 
such laws exist, and, at the same time, leaves Massachusetts 
as a dumping ground for the infested nursery stock of other 
States. It is evident, therefore, that we need some law to 
protect us against the introduction of the San José scale and 
other injurious insects. 


THe Grass THRIPS. 


The amount of damage to grass done by this insect has 
been estimated at more than that of all others combined. 
This may be an overestimate, but there is no doubt that it 
is one of the most destructive grass insects in this Common- 
wealth. Very little has been known of it, beyond the fact 
that it 1s very injurious; but no method of dealing with it 
has been suggested that promised any great degree of suc- 
cess. One of my assistants has worked out its life history 
and bred it through all of its stages, and will prepare a 
bulletin on it soon. 


THE SMALL CLOVER-LEAF BEETLE. 
This insect (Phytonomus nigrirostris) is very common on 
the college farm, and is quite destructive to the clover on 
which it feeds. Its habits and life history will be published 
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when the investigations now being made on it are completed. 
An allied species, the clover-leaf beetle (Phytonomus punc- 
tatus), is reported in various parts of this country, and is 
said to have done a great deal of damage. 


THE BurraLo CARPET BEETLE. 


The Buffalo carpet beetle has caused housekeepers more 
or less trouble for a long time, and the correspondence about 
this insect has been more extensive during the last ten years 
than on almost any other. My attention has recently been 
called to an invasion of this insect in the storehouse of the 
Geo. Gilbert Manufacturing Company, in Ware, where it was 
destroying woolen goods. After considering the matter 
very fully, the owners were advised to close the house as 
tightly as possible, and fumigate it with hydro-cyanic acid 
gas. Full instructions were given, in order that no acci- 
dents might occur from the use of this deadly gas. 


ARSENATE OF LEAD AND BoRDEAUX MIXTURE. 


Arsenate of lead has proved so valuable an insecticide for 
the destruction of the gypsy moth, as well as other insects, 
that several correspondents have inquired if it could be used 
with Bordeaux mixture. A trial was therefore made on 
several apple trees on my own grounds, with most excellent 
results and without any injury to the foliage, though the 
arsenate of lead was used in the proportion of five pounds 
to one hundred and fifty gallons of water. The fruit of 
these trees had been badly affected by the scab for several 
years, but after a single spraying with the above prepara- 
tion the fruit in the fall was in excellent condition. Experi- 
ments will be performed with these substances another year, 
before giving a detailed account of the work. 
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REPORT OF THE CHEMIST. 


DEPARTMENT OF FERTILIZERS AND FERTILIZER 
MATERIALS. 


CHARLES A. GOESSMANN. 
Assistants: HENRI D. HASKINS, CHARLES I. GOESSMANN, SAMUEL W. 
WILEY. 


Part I.— Report on Official Inspection of Commercial Fertilizers. 
Part Il. — Report on General Work in the Chemical Laboratory. 


PART I.— REPORT ON OFFICIAL INSPECTION 
OF COMMERCIAL FERTILIZERS AND AGRI- 
CULTURAL CHEMICALS IN 1898. 


CHARLES A. GOESSMANN. 


The number of licensed manufacturers and dealers in 
commercial fertilizers and agricultural chemicals during the 
past year is sixty-one. Thirty-five of these parties have 
offices for the general distribution of their goods in Massa- 
chusetts; the remainder reside in other States, —ten in 
New York, four in Connecticut, three in Vermont, three 
in Rhode Island, one in Maine, one in New Jersey, one in 
Illinois and two in Canada. 

The distinct brands of fertilizer, including chemicals, 
licensed in the State, are two hundred and sixty-four. 
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Three hundred and seventy-eight samples of fertilizers 
have thus far been collected in the general market by 
experienced delegates of the station; of these, three hun- 
dred and sixty-three samples were analyzed at the close of 
November, 1898, representing two hundred and sixty-four 
distinct brands. ‘The results of these analyses were pub- 
lished for distribution in three bulletins, Nos. 51, 54 and 
57, of the Hatch Experiment Station of the Massachusetts 
Agricultural College, during the months of February, July 
and November, 1898. 

The remaining samples and others coming into our hands 
before the expiration of the license, May 1, 1899, will be 
analyzed in due time, and the results published in con- 
formity with our State laws for the regulation of the trade 
in commercial fertilizers. 

The modes of chemical analysis adopted in our examination 
of fertilizers are, in all essential points, those recommended 
by the Association of Official Chemists. 

For a better understanding and due appreciation of the 

trade in commercial fertilizers during the past year, the 
- following abstract of our results is here inserted. To arrive 
at a correct conclusion, it must be borne in mind that only 
the lowest stated guarantee is legally binding on all sales : — 


(a) Where three essential elements of plant food were 


guaranteed : — 1897. 1898. 

Number with three elements equal to or above the highest ! 

guarantee, . : ies 9) 
Number with two deme Weed the Hehe: eae . ee 17 
Number with one element above the highest guarantee, . 60 17 
Number with three elements between the lowest and high- 

est guarantee, . : 69 85 
Number with two elements penne he ieee ana ‘ones 

guarantee, . : 63 93 
Number with one pleaene poe the lease faa hietost 

guarantee, . : Bd 54 
Number with two senders below abe lee onlaritites 2 ha 19 
Number with one element below the lowest guarantee, . 29 90 


(b) Where two essential elements of plant food were 
guaranteed : — 
Number with two elements above the highest guarantee, . 3 9) 
Number with one element above the highest guarantee, . 10 24 
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; 1897. 1898. 
Number with two elements between lowest and highest 


guarantee, . : 13 25 
N umber with one clement eee Toba ne Heaties: 
guarantee, . , me 17 
Number with two peente Belen ‘the lowest pA res a co 2 
Number with one element below the lowest guarantee, . 6 8 
(c) Where one essential element of plant food was 
guaranteed : — 
Number above the highest guarantee, . : ae: Pilar Seda 
Number between lowest and highest guarantee, . ; » $13 23 
Number below the lowest guarantee, . : seneal 15 


A comparison of the above-stated results of our inspec- 
tion during the years 1897 and 1898 shows no material 
differences regarding the general character of the fertilizers 
sold in our market. In a few cases it became our duty to 
communicate with the manufacturers, and ask for an ex- 
planation. Imperfect mixing proved in most of these cases 
the cause of differences between guarantee and our analysis. 
As the commercial value of the brand was not materially 
affected, with only two or three exceptions, the cases were 
passed over, after a satisfactory explanation from the party 
interested. 

The present condition of the trade in commercial fertilizers 
offers exceptional advantages to provide efficient manures for 
the successful raising of farm and garden crops congenial to 
climate and soil. The fact that the most important essential 
articles of plant food, as nitrogen, potash and phosphoric 
acid, are freely offered for sale in our markets in forms 
suitable to change the manurial refuse of the farm as stable 
manure and vegetable compost into complete manures for 
the crops to be raised, deserves the most serious attention 
of farmers. To render the stated waste products of the farm 
in a higher degree efficacious as a manure supply cannot be 
otherwise considered than as a most promising step in the 
direction of an economical supply of plant food for the pro- 
duction of farm and garden crops. 

As the manufacturer at best can only prepare his special 
or so-called complete fertilizers on general lines, not know- 
ing the particular character and condition of the soil which 
receives them, 1t becomes the business of the farmer to make 
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his selection with due care. An intelligent selection of fer- 
tilizers from among the various brands offered for sale 
requires, in the main, two kinds of knowledge; namely, 
that the brand of fertilizer in question actually contains the 
guaranteed quantities and qualities of essential articles of 
plant food at a reasonable cost, and that it contains them in 
such form and proportions as will best meet under existing 
circumstances the special wants of soil and crop. 

As the physical conditions and chemical resources of soils 
in available plant food frequently differ widely even on the 
same farm, no definite rule can be given for manuring farm 
lands, beyond the advice to return to the soil in available 
form those plant constituents which the crops raised in pre- 
ceding years have abstracted in exceptionally large propor- 
tion, and which will be especially called for by the crops to 
be raised. 

To assist farmers in selecting their fertilizers with refer- 
ence to the wants of the crops they wish to cultivate, the 
writer has for years published in his annual reports a com- 
pilation of the analyses of farm and garden crops, to serve 
as a guide to all interested in a rational mode of manuring 
plants. Copies of these compilations of analyses may be 
secured by asking for them at the office of the Hatch Ex- 
periment Station, at Amherst, Mass. 

In making choice from among the so-called complete fertil-_ 
izers, two points in particular seem to be worth remembering. 
First, select them with reference to the amount, the quality 
and the kind of essential constituents they are guaranteed 
to contain, and not merely with reference to the cost per 
ton; mere trade names are no guarantee of fitness. High- 
priced articles, when offered by reputable manufacturers, 
have proved in many instances cheaper than low-priced 
goods. Second, buy your supplies of reputable dealers, 
and insist in all cases on a statement of guaranteed com- 
position. 

VaLuaTIoN OF CoMMERCIAL FERTILIZERS. 


The market value of the higher grades of agricultural 
chemicals and compound fertilizers depends in the ma- 
jority of cases on the amount and the particular form of 
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the three essential articles of plant food which they contain, 
z.e., nitrogen, potash and phosphoric acid. Supply and 
demand control the temporary market prices not less in the 
fertilizer trade than in other lines of commercial business. 

The approximate value of a fertilizer, simple or com- 
pound, is obtained by multiplying the pounds contained in 
a ton of two thousand pounds by the trade value per pound 
of each of the three above-stated essential constituents of 
plant food present. The same course is adopted with refer- 
ence to the different forms of each, wherever different prices 
are recognized in the trade. Adding the different values 
per ton obtained, we find the total value per ton at the 
principal place of distribution. 

As farmers are quite frequently not in the position to 
secure the desired information regarding the market cost 
of fertilizers they wish to secure, the official inspectors of 
commercial fertilizers have aided them for years in ascer- 
taining the current market prices of the following leading 
or standard raw materials : — 


Sulphate of ammonia. Ammoniate. 

Nitrate of soda. Castor pomace. 

Muriate of potash. Linseed meal. 

Sulphate of potash. Dried blood. 

Cotton-seed meal. Dried ground meat. 

Dry ground fish. Bone and tankage. 

Azotin. Plain superphosphates, ete. 


which serve largely in the manufacture of good fertilizers for 
our market; and have published the results of their inquiries 
in the form of tables, stating the average trade values per 
pound, for the six months preceding, of the different kinds 
and forms of fertilizing materials at the leading places of 
distribution. 

The values stated below are based on the condition of the 
fertilizer market in centres of distribution in New England 
during the six months preceding March, 1897 and 1898 : — 
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Trade Values of Fertilizing Ingredients in Raw Materials and 
Chemicals, 1897 and 1898 (Cents per Pound). 

1897. 1898. 

Nitrogen in ammonia salts, . : ‘ ' ; , . 13.5 14.0 

Nitrogen in nitrates, . : . 14.0 13.0 

Organic nitrogen in dry aval fine creat aah meat pleed! 


and in high-grade mixed fertilizers, . . 14.0 14.0 
Organic nitrogen in cotton-seed meal, . 12.0. 1230 
Organic nitrogen in fine bone and tankage, . . 13.5 13.5 
Organic nitrogen in medium bone and tankage, . » 11.0 “10-0 
Phosphoric acid soluble in water, . 5-0 4.5 
Phosphoric acid soluble in ammonium Mamie 5.0 4.0 
Phosphoric acid in fine bone and tankage, 5.0 4.0 
Phosphoric acid in cotton-seed meal, castor pomace, ad 

ashes and fine-ground fish, ; 5.0 4.0 
Phosphoric acid in coarse bone and Biles, 2.5 3.5 
Phosphoric acid insoluble (in ammonium citrate) in inetd 

fertilizers, 2.0). “20 
Potash as sulphate (free fram eeloride 5.0 5.0 
Potash as muriate, . : 4.5 4.25 


From these figures it is apparent that some of the best 
forms of nitrogen and phosphoric acid have suffered, as a 
rule, a reduction in cost, as compared with preceding years. 

For further details I have to refer to preceding annual 
reports. 

Consumers of commercial manurial substances will do well 
to buy, whenever practicable, on a guarantee of composition 
of their essential constituents, and to see that the bill of sale 
recognizes the point of the bargain. Any mistake or mas- 
understanding in the transaction may be readily adjusted, in 
that case, between the contending parties. 

The responsibility of the dealer ends with furnishing an 
article corresponding in its composition with the lowest 
stated quantity of each specified essential constituent. 

It is of the first importance, when buying fertilizers for 
home composition, to consider their cost with reference to 
what they promise to furnish. 
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List of Manufacturers and Dealers who have secured Certificates 
for the Sale of Commercial Fertilizers in the State during the 


Past Year (May 1, 1898, to 


licensed by Each. 


The Armour Fertilizer Works, Chicago, 
Ill. : — 
Bone Meal. 
Bone and Blood. 
Ammoniated Bone and Potash. 
All Soluble. 
Bone, Blood and Potash. 
Grain Grower. 


Wm. H. Abbott, Holyoke, Mass. : — 
Eagle Brand for Grass and Grain. 
Complete Tobacco Fertilizer. 


American Cotton Oil Co., New York, 
ING Ye; : =" 
Cotton-seed Meal. 


Butchers’ Rendering Association, Fall | 


River, Mass. :— 
Bone and Tankage. 


Bartlett & Holmes, Springfield, Mass. : — 
Pure Ground Bone. 
Animal Fertilizer. 
Tankage. 


H. J. Baker & Bro., New York, N.Y.: — 
Standard Un X Ld Fertilizer. 
Strawberry Manure. 

Potato Manure. 

Complete Cabbage Manure. 

A. A. Ammoniated Superphosphate. 
Complete Manure for General Use. 
Grass and Lawn Dressing. 


C. A. Bartlett, Worcester, Mass. : — 
Fine-ground Bone. 
Animal Fertilizer. 


Berkshire Mills Co., Bridgeport Conn. : — 
Complete Fertilizer. 
Ammoniated Bone Phosphate. 


Hiram Blanchard, Eastport, Me.: — 
Fish, Bone and Potash, JIB. 
BUA 


Fish Scrap No. 2, (ty B. 


May 1, 1899), and the Brands 


Bowker Fertilizer Co., Boston, Mass. : — 
Stockbridge Special Manures. 
Hill and Drill Phosphate. 
Farm and Garden Phosphate. 
Lawn and Garden Dressing. 
Fish and Potash. 

Potato and Vegetable Manure. 
Potato Phosphate. 

Market Garden Manure. 

Sure Crop Phosphate. 
Gloucester Fish and Potash. 
High-grade Fertilizer. 

Essex Fertilizer. 

Bone and Wood Ash Fertilizer. 
Nitrate of Soda. 

Dried Blood. 

Dissolved Bone-black. 
Muriate of Potash. 

Sulphate of Potash. 


William E. Brightman, Tiverton, 
R.1.: — 
Potato and Root Manure. 
Phosphate. 
Fish and Potash. 


Bradley Fertilizer Co., Boston, Mass. :— 
X. L. Superphosphate. 
Potato Manure. 
B. D. Sea Fowl Guano. 
Complete Manures. 
Fish and Potash. 
Ammoniated Bone Phosphate. 
Breck’s Lawn and Garden Dressing. 
Sulphate of Potash. 
Corn Phosphate. 
Muriate of Potash. 
Nitrate of Soda. 
Dissolved Bone. 
Fine-ground Bone. 


Daniel T. Church, Providence, R. I. 
(E. Wilcox, general agent) : — 
Church’s B Special. 
Church’s C Standard. 
Church’s D Fish and Potash. 


Clark’s Cove Fertilizer Co., Boston, 
Mass. : — 
Bay State Fertilizer. 
Bay State Fertilizer G. G. Brand. 
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Clark’s Cove Fertilizer Co. —Con. 
Great Planet Manure. 
Potato Fertilizer. 
King Philip Guano. 
Potato Manure. 
Fish and Potash. 
White Oak Pure Bone Meal. 


Cleveland Dryer Co., Boston, Mass. :— 
Superphosphate. 
Potato Phosphate. 
Cleveland Fertilizer. 


EK. Frank Coe Co., New York, N. Y.:— 
High-grade Potato Fertilizer. 
Tobacco and Onion Fertilizer. 
High-grade Ammoniated Bone Su- 

perphosphate. 
Gold Brand Excelsior Guano. 
Fish Guano and Potash. 
Bay State Phosphate. 
Vegetable and Vine Fertilizer. 


Crocker Fertilizer and Chemical Co., 
Buffalo, N. Y.:— 

Ammoniated Bone Superphosphate. 

Potato, Hop and Tobacco Phos- 
phate. 

Ammoniated Wheat and Corn Phos- 
phate. 

New Rival Ammoniated Superphos- 
phate. 

Vegetable Bone Superphosphate. 

General Crop Phosphate. 

Universal Grain Grower. 

Special Potato Manure. 

New England Tobacco and Potato 
Grower. 


Cumberland Bone Phosphate Co., Bos- 
ton, Mass. : — 
Superphosphate. 
Potato Fertilizer. 
Concentrated Phosphate. 
Fertilizer. 


L. B. Darling Fertilizer Co., Pawtucket, 
R. I.:— 
Animal Fertilizer. 
Potato and Root Crop Manure. 
Tobacco Grower. 
Blood, Bone and Potash. 
Special Formula. 
Fine-ground Bone. 
Muriate of Potash. 
Nitrate of Soda. 
Farm Favorite. 


HATCH EXPERIMENT STATION. 


_ [Jan. 


John C. Dow & Co., Boston, Mass. :— 
Nitrogenous Superphosphate. 
Pure Ground Bone. 


Eastern Chemical Co., Boston, Mass. : — 
Imperial Liquid Plant Food. 


W.E. Fyfe & Co., Clinton, Mass. : — 
Wood Ashes. 


Great Eastern Fertilizer Co., Rutland, 
Vt..— 
Northern Corn Special. 
General Fertilizer. 
Vegetable, Vine and Tobacco Fer- 
tilizer. 
Garden Special. 
Grass and Oats Fertilizer. 


Thomas Hersom & Co., New Bedford, 
Mass. :— 
Bone Meal. 
Meat and Bone. 


Edmund Hersey, Hingham, Mass. :— 
Ground Bone. 


Thomas Kirley, South Hadley Falls, 
Mass. : — 
Pride of the Valley. 


Lister’s Agricultural Chemical Works, 
Newark, N.J.:— 
Lister’s Celebrated Onion Fertilizer. 
Lister’s Success Fertilizer. 
Lister’s Special Potato Fertilizer. 
Lister’s Special Tobacco Fertilizer. 


Lowell Fertilizer Co., Boston, Mass. : — 
Bone Fertilizer for Corn and Grain. 
Animal Fertilizer. 

Potato Phosphate. 

Bone and Potash. 

Lawn Dressing. 

Tobacco Manure. 

Fruit and Vine Fertilizer. 
Market-garden Fertilizer. 
Ground Bone. 


Lowe Bros., & Co., Fitchburg, Mass. :— 
Tankage. 


F. R. Lalor, Dunville, Ontario, Can. : — 
Canada Unleached Hard-wood 
Ashes. 
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The Mapes Formulaand Peruvian Guano 
- Co., New York, N. Y.:— 

Bone Manures. 

Superphosphates. 

Special Crop Manures. 

Sulphate of Potash. 

Double Manure Salts. 

Nitrate of Soda. 


E. McGarvey & Co., London, Ontario, 
Can. :— 
Unleached Hard-wood Ashes. 


McQuade Bros., West Auburn, Mass. : — 
Fine-ground Bone. 


Geo. L. Monroe, Oswego, N. Y.: — 
Canada Unleached Hard-wood 
Ashes. 


National Fertilizer Co., Bridgeport, 
Conn. :— 

Complete Fertilizers. 
Ammoniated Bone. 
Market-garden Manure. 
Potato Phosphate. 
Fish and Potash. 
Ground Bone. 


Niagara Fertilizer Works, Buffalo, 
N. Y.:— 
Wheat and Corn Producer. 
Potato, Tobacco and Hop Fertilizer. 
Niagara Triumph. 


Packers Union Fertilizer Co., New 
York, N. Y.:— 
Universal Fertilizer. 
Wheat, Oats and Clover Fertilizer. 
Animal Corn Fertilizer. 
Potato Manure. 
Gardener’s Complete Manure. 


Pacific Guano Co., Boston, Mass. : — 
Soluble Pacific Guano. 
Special Potato Manure. 
Nobsque Guano. 
High-grade General Fertilizer. 
Grass and Grain Fertilizer. 
Fish and Potash. 
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Parmenter & Polsey Fertilizer Co. — 
Con. 
Special Potato. 
Strawberry and Small Fruits. 
Ground Bone. 
Muriate of Potash. 
Sulphate of Potash. 
Nitrate of Soda. 
P. & P. Potato Fertilizer. 


A. W. Perkins & Co., Rutland, Vt.:— 


Plantene. 
Prentiss, Brooks & Co., Holyoke, 
Mass. :— 

Complete Manures. 

Phosphate. 


Nitrate of Soda. 
Muriate of Potash. 
Sulphate of Potash. 


Preston Fertilizer Co., 
Ni Yen 
Pioneer. 
Potato Fertilizer. 
Superphosphate, I. 


Brooklyn, 


Quinnipiac Co., Boston, Mass. :— 
Phosphate. ; 
Potato Manure. 
Market-garden Manure. 
Fish and Potash. 

Grass Fertilizer. 

Corn Manure. 

Potato Phosphate. 
Climax Phosphate. 
Pure Ground Bone. 
Muriate of Potash. 
Sulphate of Potash. 
Nitrate of Soda. 
Kainit. 

Dissolved Bone-black. 


Benjamin Randall, 
Mass. :— 
Market-garden Fertilizer. 
Farm and Field. 
Ground Raw Bone. 


East Boston, 


Pacific Guano with 10 per cent. ‘Read Fertilizer Co., New York, N. Y. 


Potash. 


Parmenter & Polsey Fertilizer Co., 
Peabody, Mass. : — 
Plymouth Rock Brand. 
Star Brand Superphosphate. 


s 


(H D. Foster, general agent) : — 
Standard Fertilizer. 
High-grade Farmers’ Friend. 
Practical Potato Special. 
Vegetable and Vine. 

Fish, Bone and Potash. 
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N. Roy & Son, South Attleborough, © 


Mass. :— 
Complete Animal Fertilizer. 


The Rogers & Hubbard Co., Middle- 
town, Conn. :— 

Hubbard’s Soluble Potato Manure. 

Hubbard’s Soluble Tobacco Manure. 

Hubbard’s Fairchild’s Formula for 
Corn and General Crops. 

Hubbard’s Grass and Grain Fertil- 
izer. 

Hubbard’s Oats and Top-dressing 
Fertilizer. 

Hubbard’s Pure Raw Knuckle Bone 
Flour. 

Hubbard’s Strictly Pure Fine Bone. 

Hubbard’s Fertilizer for all Soils 
and all Crops. 


Russia Cement Co., Gloucester, Mass. :— 
X X X Fish and Potash. 
High-grade Superphosphate. 

Corn, Grain and Grass Manure. 
Potato, Root and Vegetable Manure. 
Odorless Lawn Dressing. 

Potato Fertilizer. 

Dry Ground Fish. 

Special Manure for Carnations. 


Lucien Sanderson, New Haven, Conn. :— 
Formula A. 
Blood, Bone and Meat. 
Dissolved Bone-black. 
Nitrate of Soda. 
Sulphate of Potash. 
Muriate of Potash. 
Sanderson’s Old Reliable Super- 
phosphate. 
Sanderson’s Potato Manure. 


Edward H. Smith, Northborough, 
Mass. : — 
Ground Bone. 


Thomas L. Stetson, Randolph, Mass. : — 


Ground Bone. 


Standard Fertilizer Co., Boston, Mass. :— 
Standard Fertilizer. 
Standard Guano. 
Complete Manure. 
Special for Potatoes. 


C. F. Sturtevant, Hartford, Conn. : — 
Tobacco and Sulphur Fertilizer. 
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Henry F. Tucker, Boston, Mass. : — 
Original Bay State Bone Super- 
phosphate. 
Imperial Bone Superphosphate. 
Special Potato Fertilizer. 
Bay State Special. 


Andrew H. Ward, Boston, Mass. : — 
Ward’s Chemical Fertilizer. 


I. S. Whittemore, Wayland, Mass. : — 
Complete Manure. 


D. Whithead, Lowell, Mass. : — 
Champion Garden Fertilizer. 
Bone Meal. 


The Wilcox Fertilizer Works, Mystic, 
Conn. : — 
Potato, Onion and Tobacco Manure. 
High-grade fish and potash. 
Dry Ground Fish Guano. 
Fish and Potash 1895 Brand. 


Williams and Clark Fertilizer Co., Bos- 
ton, Mass. :— 
Ammoniated Bone Superphosphate. 
Potato Phosphate. 
High-grade Special. 
Fine Wrapper Tobacco Grower. 
Royal Bone Phosphate. 
Corn Phosphate. 
Potato Manure. 
Grass Manure. 
Fish and Potash. 
Prolific Crop Producer. 
Onion Manure. 
Bone Meal. 
Dry Ground Fish. 
Sulphate of Potash. 
Muriate of Potash. 
Nitrate of Soda. 
Dissolved Bone-black. 


M. E. Wheeler & Co., Rutland, Vt. :— 
High-grade Corn Fertilizer. 
High-grade Potato Manure. 
Superior Truck Fertilizer. 
High-grade Fruit Fertilizer. 
High-grade Grass and Oats Fertil- 

izer. 


A. L. Warren, Northborough, Mass. : — 
Fine-ground Bone. 


Sanford Winter, Brockton, Mass. :— 
Fine-ground Bone. 
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PART IJ.— REPORT ON GENERAL WORK IN THE 
CHEMICAL LABORATORY. 


CHARLES A. GOESSMANN. 


1. Analyses of Materials sent on for Examination. 

Notes on Wood Ashes, Condition of Trade, ete. 

3. Notes on Fertilizers for Pot Cultivation and Green- 
houses. 

4, Observations regarding the Action of Acid and Basic 
Phosphates on the Availibility of the Nitrogen in 
Blood, Steamed Leather and Leather Scraps. 

5. Notes on the Determination of the Available Phos- 
phorie Acid in the Soil. 

6. Analyses of Drainage Waters obtained in Connec- 
tion with Some Field Experiments carried on upon 
the Grounds of the Station. 


= 


1. ANALYSES OF MATERIALS SENT ON FOR EXAMINATION. 


The number of substances tested in this connection amount 
to several hundred. The results of our examination are 
already published in detail in Bulletins 51, 54 and 57 of 
the Hatch Experiment Station of the Massachusetts Agri- 
cultural College, in connection with the results of the official 
inspection of commercial fertilizers collected from original 
packages by an efficient delegate of the station. 

The responsibility of the genuineness of the articles sent 
on for examination rests in all cases with the parties asking 
for the analysis. Our publication of the results refers merely 
to the locality they come from, to avoid misunderstandings. 
The work carried on in this connection is growing from 
year to year in importance. 

A large proportion of Panna manurial substances 
consist of by or waste products of various industries. The 
composition and general character of these materials depend 
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on the current mode of manufacture. The rapid advance- 
ment in many branches of industries is at any time liable to 
affect more or less seriously the commercial as well as the 
manurial value of their waste products. A frequent exam- 
ination of that class of materials cannot fail to benefit the 
vital interests of our farming community. For this reason, 
arrangements were made, as In previous years, to attend to 
the examination of substances of interest to farmers, to the 
full extent of the resources placed at the disposal of the 
officer in charge of this work. 

These investigations are carried on free of charge to farmers 
of the State, and as far as the financial resources of the lab- 
oratory admit. The examination’of the materials is, as a 
rule, carried on in the order they arrive at the station, and 
the results are considered public property. 

The following statement of the names of the different 
articles sent on and thus far analyzed may suffice here to 
convey some more definite idea concerning the general 
character of the work : — 


Materials sent on, Dec. 1, 1897, to Dec. 1 , 1898. 


Air-dried potatoes, . s 2 OOH Barb, : 1 
Acid phosphate, s 2 | Nitrate of soda, 3 
Ashes from cremation of ae Sulphate of ammonia, 1 
age, ; 1 | Sulphate of aa and oie 
Bleachery refuse, 2 nesia, : ene 
Broom corn seed, 1 | Sulphate of poral 2 
Cotton-seed meal, 2 | Sweet clover hay, 3 
Compound fertilizers, 21 | Sulphate of magnesia, 1 
Cremation ashes, 1 | Soya bean refuse, 1 
Dissolved bone-black, 1 | Starch, 2 
Fodder material, 1 | Sewage, . 1 
Ground bone, . 9 | Soil,. 12 
Ground fish, 1 | Silicate of otiiets 1 
Hop refuse, 1 | Tankage,. 3 
Lime-kiln ashes, 2 | Tobacco stems, 1 
Liquid fertilizer, 1 | Tobacco refuse, 1 
Manure, . : : . 12 | Teopik fibre, 1 
Marl, 1 | Wood ashes, 79 
Muriate of pops 8 | Wool waste, 1 
Muck, : 5 | Whale-bone scrapings, 1 
Minerals, . 3 | Vat deposit, 1 
Oxalic acid, i 
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A few of the more important of the above-stated ma- 
terials, as wood ashes, etc., are discussed more at length in 
subsequent pages. 


2. Nores on Woop ASHES. 


Wood ashes for manurial purposes are in our State subject 
to official inspection, and dealers in that commodity have to 
secure a license to sell in our State before they can legally 
advertise their articles for sale. This circumstance makes it 
obligatory on the dealers to state the amount of potash and 
of phosphoric acid they guarantee in these materials, and to 
fasten that statement upon the package or car, etc., which 
contains them. 

Some dealers in wood ashes have adopted of late the 
practice of stating merely the sum of both, instead of 
specifying the amount of each of them present. As phos- 
phoriec acid and potassium oxide contained in wood ashes are 
considered, in our section of the country, pound for pound 
of an equal commercial value, from 4.5 to 5 cents, no par- 
ticular objection can be raised against a joint statement of 
both, as far as the mere money value of the samples is 
concerned ; yet, as this mode of stating the guaranteed com- 
position is apt to lead to misconception and abuse, it ought 
to be discouraged and discontinued. 

As the dealer is only obliged to guarantee the amount of 
potash and of phosphoric acid present in a given quantity 
of wood ashes, no serious objection can be raised on the 
part of the buyer on account of moisture, etc., as long as 
the article contains the specified amount of both potash and 
phosphoric acid. Wood ashes ought to be bought and sold 
by weight, and not by measure, for both moisture and the 
general character of foreign matters are apt to seriously 
affect the weight of a given measure. 

During the past year (1898) 40.1 per cent. of the ma- 
terials sent on for analysis consisted of wood-ash samples ; 
during the preceding year (1897) they amounted to 40 per 
cent. 

The general character of the wood ashes sold during the 
stated years may be judged from the following classified 
statement of our results : — 
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No. of Samples. 
1897. 1898. 


Moisture from 1to 3 percent,  . : : ; AL 9 
Moisture from 3to 6 percent.,  . ; ; d : 8 6 
Moisture from 6 to 10 per cent., : ; : : eae 20 
Moisture from 10 to.15 per cent.,,° 2...) 1. 
Moisture from 15to 20 percent, . . .  . |),.0enn 
Moisture from 20 to 30 percent., . : F ; ai 6 
Moisture above 35 per cent., .. ; } ; ; : 1 ~ 
Potassium oxide above 8 per cent., . F f ; 3 4 
Potassium oxide from 7 to8 percent., . : 8 6 
Potassium oxide from 6 to7 percent. . : ; i ionea 8 
Potassium oxide from 5 to 6 percent. . : : i 22 
Potassium oxide from 4 to 5 percent., . : : ane, 5) 25 
Potassium oxide from 3 to 4 percent., . ; 3 11 
Potassium oxide below 3 per cent., . : : - 3 
Phosphoric acid above 2 per cent.,_ . , ; z 4 6 
Phosphoric acid from 1 to 2 per cent. . . 45 60 
Phosphoric acid below 1 per cent.,_ . : : : . 24 13 
Average per cent. of calcium oxide (lime), _.. . 84.29 33.60 
: ( Welow:a, osu i ne oN ae 
| 6 to 10, 5 wi ge 16 
Per cent. mineral matter insoluble in } 10to15, . 2) no 31 
diluted hydrochloric acid, from — 15 to 20,>°. . ee 15 
20 to 30, _ . ; 3 13 
\ above 30, . : 1 = 


As the majority of dealers in wood ashes guarantee from 
4.5 to 6 per cent. of potassium oxide in their articles, it 
will be seen that a large number of the samples are below 
even the lowest guarantee; showing, on the whole, that the 
quality of wood ashes sold in 1898 as a potash source has 
been inferior, when compared with the preceding year. 
Whether this circumstance is due to a general decline of 
the article or to the management of any particular importer 
or dealer is difficult to decide on our part, as long as farmers 
do not state the name of the party from whom they have 
bought, or the cost per ton of the ashes they send on for 
examination. ‘ 

It is most desirable to ascertain whether the general char- 
acter of the wood ashes is gradually declining from natural 
causes, or whether some parties are handling inferior goods. 
All interested in the solution of this question will confer a 
favor on us by sending with their samples of wood ashes the 
names of the party from whom they bought the article, and. 
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state the price per ton asked at the nearest depot for gen- 
eral distribution. 

The large percentage of lime, from 30 to 40 per cent., 
found in genuine wood ashes, imparts a special agricultural 
value to them as a fertilizer, aside from the amount of 
potash and phosphoric acid they contain. Wherever an 
application of lime is desired, wood ashes deserve favor- 
able consideration, on account of the superior mechanical 
condition of the lime they furnish. 


3. NOTES ON FERTILIZERS SUITABLE FOR RAISING PLANTS 
IN Pots AND GREENHOUSES. 


The interest in raising plants in pots and under glass 
in greenhouses, by the aid of commercial fertilizers, is 
gradually increasing, judging from numerous applications 
for information. 

The following analyses represent two samples of fertil- 
izers recommended for that purpose; they were sent on 
for a general analysis by parties interested in the matter : — 


1. Plant Food in Pellet Form, sent on from Newtonville, Mass. 


Per Cent. 
Moisture, . P i i . : ' LS aoA 
Organic and Spe mater ‘ ‘ , ; .) 41315 
Ash constituents, . ? 4 ; : ; ; . 08.85 
Water soluble material, . ‘ : i , ‘ . 82.40 
Insoluble residue (in water), . : 4 ,; > (PGC 
Total phosphoric acid, . : ; * , : 1 S689 
Soluble phosphoric acid, . ‘ ; ; ‘ ; . 14.58 
Reverted phosphoric acid, : : é ; : 2) Be 
Insoluble phosphoric acid, : ; ‘ ; ; 34 
Potassium oxide, total, 7.96 
Potassium oxide, water soluble, 7.63 
Sodium oxide, 6.19 
Calcium oxide, . 4.04 
Magnesium oxide, 5.30 
Chlorine, : 6.05 
Sulphuric acid (SO,), Wile 
Total nitrogen, . : 7.65 
Nitrogen as ammoniates, . 7.06 
Nitrogen as nitrates, : : ‘ ° : : : 50 
Nitrogen as organic matter, . : : 09 
Insoluble matter in dilute hydrochloric ae aon . 14.33 


Water solution strongly acid. 
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2. Liquid Fertilizer sent on from Natick, Mass. 
; Per Cent. 


Moisture, . t . : 5 : : P : . 90.46 
Solid residue, . \ ‘ 5 ; : : : . Oe 
Phosphoric acid, : 5 : , ‘ : ; J eae 
Potassium oxide, . ‘ ; 4 , 4 ; wi 2a 
Sodium oxide, . , ; : ; ; : ; oh Mego 
Calcium oxide, . ; ; ; A é : : a ee 
Magnesium oxide, _ . 4 ; ; ; ‘ : : 07 
Chlorine, . : ; ; : ; , : : ; .02 
Sulphuric acid (SO,), 9. 9) Yo. 4 2 
Total nitrogen, . é : ; . ; mee ne 
Nitrogen as ammoniates, . ; : : : : : 39 
Nitrogen as nitrates, : 5 : . : : 43 


Reaction strongly acid. 


The importance of the interests involved induced the 
writer some years ago to enter upon a series of experi- 
ments, to assist in the development of a more eflicient 
system of manuring several important industrial crops, 
fruits and garden vegetables. The first results of that 
investigation are published in the eleventh and twelfth re- 
ports of the director of the Massachusetts State Agricultural 
Experiment Station, to which I have to refer for details. — 
Those of later years are contained in the annual report of 
the Hatch Experiment Station of the Massachusetts Agri- 
cultural College for 1896 and 1897. 

In the course of my discussion of the lessons to be de- 
rived from the above-stated experiment in field and vegeta- 
tion house, it was recommended to observe the following 
rules : — 

1. To avoid an accumulation of half-decayed vegetable 
matter in the soil, and to enrich the latter in the desired 
direction by means of concentrated chemical manures. 

2. To change, wherever practicable, from season to season 
the position of the various crops, to favor the destruction of 
parasites and to economize the inherent sources of plant food. 

3. To avoid an accumulation of salines in the soil, not 
called for by the crops, or considered injurious to the 
chemical or physical properties of the soil. 

4. To prevent a marked acidity of the soil, by a period- © 
ical application of air-slacked lime, wood ashes, etc. 
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5. To select the various commercial forms of nitrogen, 
and potash in particular, with special reference to the kind 
and the desired character of the crop to be raised. 

6. To use as a general fertilizer a mixture of two parts 
of available potassium oxide, one part of available nitrogen 
and one part of available phosphoric acid, in such quan- 
tities per acre as the conditions of the soil and composition 
of the crop to be raised called for; allowing, for the com- 
position of one thousand pounds of green garden vegetables, 
on an average : — 


Pounds. 
Nitrogen, . : : : ‘ : : : «de OL 
Phosphoric acid, : ; ' : : ' a> PBO 
Potassium oxide, . : ; : : : ; + Looe 


On account of the frequent cultivation of beans and peas 
as garden crops, a fertilizer of the following composition 
suggested itself to me : — 


Parts. 


Available nitrogen, . : : é 5 : ‘ A 
Available potash, . ; : ; ; 2 
Available phosphoric aad. ; , : : 1 


More recent observations confirm the advisability of the 
previously stated rules in a general way; yet they also 
emphasize the fact that, wherever the quality of the crop 
controls its economical and commercial value, it seems ad- 
visable that care should be taken to secure the exclusion of 
an accumulation of soluble saline substances not called for 
by the crop. This circumstance deserves particular atten- 
tion in cultivation under glass, where the body of the soil is 
limited, and the removal of such substances by percolation 
to the lower layers offers but little chance of relief. 

In our experiments above described this view of the ques- 
tion of supplying plant food in the greenhouse has aided us 
in selecting a series of concentrated chemical manures, which 
for the above reason are now recommended for patronage : — 
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Potassium | Phosphoric 


Oxide Aci Nitrogen 
(Per Cent.). | (Per Cent.). 


NAME OF SUBSTANCE. (Per Cent.). 


High-grade muriate of potash, . ; : 50.00 - - 
High-grade sulphate of potash, . fF - : 50.20 - - 
Potash-magnesia sulphate, . “ “ 5 : 24.32 - - 
Carbonate of potash-magnesia, . , 6 ; 18.48 - - 
Phosphate of potash, . 4 ° 5 ° 5 32.56 35.70 - 
Dissolved bone-black, . . : . : : - 13.88 - 
Odorless phosphate, phosphatic slag, r 5 - 18.42 - 
Double superphosphate, . : : - - - 47.80 - 
Phosphate of ammonia, : : ° 5 - 43.86 10.37 
Dried blood, . : ‘ : c > : A a 4.02 10.00 
Nitrate of soda, . ; 4 ‘ : 5 - - ‘ 14.28 
Sulphate of ammonia, . é a 3 - - 19.59 


As the local conditions of the soil and the composition 
of the individual characteristics of the plants to be raised 
deserve especial attention, when selecting from the above- 
stated commercial manurial substances the constituents for 
the fertilizer mixtures to be used, it cannot be considered 
judicious to recommend any particular combination as being 
unfailing and best in all cases. For this reason it has been 
thought best to state in this connection, as a mere matter 
of illustration, a few combinations of manurial substances 
which served us well, as may be noticed from a few preced- 
ing annual reports, — State Experiment Station, 1893, pages 
241 to 261; and 1894, pages 274 to 285. 

The amount of fertilizer recommended per acre, under fair 
conditions of the soil, contains : — 


Pounds. 
Available nitrogen, . : eae mye 
Available phosphoric acid, : ; 4 _ ; a 
Available potash, . ; é : : é : . 120 


Some Combinations of High-grade Substances for Use in Garden, 
Greenhouse and Pots. 


1. Nitrate of soda. 3. Dried blood. 
High-grade sulphate of potash. High-grade sulphate of potash. 
Dissolved bone-black. Dissolved bone-black. 

2. Sulphate of ammonia. 4, Nitrate of soda. 
High-grade sulphate of potash. Muriate of potash. 


Dissolved bone-black. Dissolved bone-black. 
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Mixtures of muriate of potash and sulphate of ammonia 
have proved in our experience in many cases objection- 
able, on account of a mutual decomposition into chloride 
of ammonia and sulphate of potash. 


4. OBSERVATIONS WITH DriED BLOop sanp Two Ki1nps 
oF LEATHER REFUSE AS THE SOURCES OF NITRO- 
GEN FOR GROWING RYE IN PRESENCE OF ACID AND 
oF ALKALINE PHOSPHATES. 


In a preceding report an experiment has been briefly de- 
scribed in which dried blood has been compared with leather 
refuse as a nitrogen source for growing plants, when used in 
connection with double phosphate and muriate of potash. 
The differences of the crops raised were more marked with 
reference to the yield of the straw than to that of the grain. 
(For details, see annual report of the Massachusetts State 
Agricultural Experiment Station for 1894, pages 283-285.) 
It seemed advisable to repeat the experiments, with such 
modifications as experience suggested, to secure, if possible, 
more decisive results, and to ascertain whether the degree of 
availability of the nitrogen contained in the dried blood and 
in the leather refuse would not be more strikingly modified 
by using alkaline phosphates instead of acid phosphates as 
the phosphoric acid source. 

The following course was adopted. Winter rye was again 
selected for the observation. The soil used was taken from 
the same locality, at eighteen inches below the surface, and 
freed from coarse materials by repeated screening through 
a sand screen, as in the first experiment. The fertilizers 
used were in each case carefully distributed throughout the 
entire body of the soil. The boxes were the same which 
had been used in the preceding experiments, containing 
from seventy-five to eighty pounds of soil, having a depth 
of eighteen inches. 

Six boxes were employed in the experiment; three served 
for the trial with acid phosphate, — dissolved bone-black ; 
and three with an alkaline phosphate, — phosphatic slag 
meal. The following mixtures of fertilizers were used 
(weights are stated in grams; thirty grams equal to one 
ounce) : — 
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First Lot, Nos. 1, 8 and 5. 


Box I. Boe ia. 
Sulphate of potash, . . 7.68 Sulphate of potash, . s/s ok 9 Oe 
Dissolved bone-black, . . 24.38 Dissolved bone-black, . . 24.38 
Dried blood, ; . 40.22 Philadelphia tankage (a 


steamed leather refuse), . 57.16 


Box 5. 
Sulphate of potash, . ; ; ; ’ p “ee 
Dissolved bone-black, : : ; , : ., 24.88" 
Raw-leather waste, . : ‘ : i : . 66.64 


Second Lot, Nos. 2, 4 and 6. 


Box 2. Box 4. 

Sulphate of potash, . . 7.68 Sulphate of potash, . +) tape 
Phosphatic slag meal, . 24.38 Phosphatic slag meal, . 24.38 

Dried blood, . 40.22 Philadelphia tankage (a 
steamed leather refuse), 57.16 

Box 6. 

Sulphate of potash, . , } : +) SS 

Phosphatic slag meal, F . § 3 ? 2, Bawae 

Raw-leather waste, . , : t B ; . 06.64 


The Seed. — Winter rye was planted in all boxes Oct. 2, 
1894. The young plants came up uniformly in all boxes 
October 5. They reached a height of from five to six 
inches before frost set in. After being fully developed, 
they were reduced in all the boxes to a corresponding 
number, as in the first experiment. 

The watering of the soil was partly by subirrigation and 
partly by surface application, maintaining as far as practica- 
ble the moisture of the soil from 15 to 18 per cent. during 
the growing season. The experiment was conducted with 
a view to expose the soil to the unrestricted influence of the 
local temperature of the various seasons. A layer of snow 
served as protection to the young growth during severe 
spells of frost in winter. 

The manurial substances used consisted of high-grade sul- 
phate of potash, dissolved bone-black, phosphatic slag meal, 
dried blood, Philadelphia tankage (a steamed leather), and 
ground sole leather waste. The amount of nitrogen and 
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potassium oxide applied was the same in each case, while 
the amount of total phosphoric acid applied in case of the 
phosphatic slag meal was one-fourth more than in the case 
of the dissolved bone-black, which is practically all soluble 
in water. 


4 


Composition of the Manurial Substance used, with Reference to 
Potash, Phosphoric Acid and Nitrogen (Per Cent.). 


Eee: | Pheroiors | vamereen, 
Bauer Grpotash, ..- - 2. 6 50.20 - - 
Dissolved bone-black, . : - - : é - 14.00 - 
Phosphatic slag meal,* s - - : ; - 18.40 - 
Dried blood, . 2 Wy : F 4 : - 4.00 10.00 
Philadelphia tankage (steamed leather), . : ~ - 7.80 
Ground leather waste,.  .  . 25d DEP OER Le - ~- 7.02 


* Calcium oxide, 48.6 per cent. 


They grew at a similar rate during spring until the latter 
part of April, when those which had received dried blood as 
nitrogen source (boxes 1 and 2) became more stalky, de- 
veloping more and broader leaves than the plants in boxes 
3, 4,5 and 6. This difference in their growth became more 
marked as the season advanced. 

The following statement gives the average height of the 
plants at various stages of observation (inches) : — 


| May i, | May 9. | May 20. | June 1. 
Moret. «°°. . ° ° ‘ ° ¢ 8.0 21.5 34.0 | 50.0 
Box 3, . C 7.0 16.5 24.0 32.0 
Box 5, . ° ° ° . . ° : 6.0 14.0 22.5 30.5 
Box: 25; ° ° ° . . - em 9.0 26.0 38.0 56.5 
Mi 7.0 17.5 25.0 32.5 
Me, |, ee 7.0 17.5 26.0 35.0 


The plants in all boxes began blooming about the same 
time, the first week of June; they were harvested the first 
week of July. There was no marked difference in regard 
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to time of maturing. The general character of the matured 
growth will be seen from the subsequent statement of the 
weights of the average plant in each case (grams) : — 


Box 1. | Box 3. | Box 5. | Box 2, | Box 4. | Box 6, 
Moisture, isch ool cutee 8°.9 8-9 8-9 8-9 8-9 8-9 
Total plant, . : 4 : 57.87 26.02 28.80 115.99 30.27 36.21 
Kernels, d : 12.77 5.43 5.80 28.89 6.18 9.75 
Chaff and straw, . : 5 45.12 20.69 23.00 87.10 24.09 26.46 
One hundred kernels, . A 1.58 1.44 1.48 1.79 1.58 1.62 


The plants were in all cases cut two inches above their 
roots. As it was of interest to know the amount of nitrogen 
in the kernels of the highest and lowest weights, a nitrogen 
determination of the kernels obtained in boxes 1 and 3, and 
2 and 4 was carried out. The analyses gave the following 
results : — 


No. or Box. | Nitoeee | Fertilizing Elements Used. 
1, : - * : 1.84 Dried blood, dissolved bone-black. 
3, 4 5 . C 4 1.91 Philadelphia tankage, dissolved bone-black. 
2, 5 - é 4 2.31 Dried blood, phosphatic slag. 
4, P ° A < : 2.19 Philadelphia tankage, phosphatic slag. 


Fodder Analyses of Rye Sampies (Kernels) as far as Material 
on Hand sufficed for a Complete Analysis. Samples grown in 
Boxes 1, 2, 3 and 4 (Per Cent.). 


Box 1. Box 2. Box 3. Box 4. 
Moisture, . ; 0 : 5 . 6 10.45 9.92 4.87 8.50 
Dry matter, : : 4 . 5 : 89.55 90.08 95.13 91.50 
100.00 100.00 100.00 100.00 
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Analysis of Dry Matter. 


| Box 1. | Box 2. | Box 3. | Box 4. 

Fat, : “ - : - 2 5 > 2.05 2.00 2.12 1.97 
Protein, “ > F s ‘ é = 11.50 14.44 11.94 13.69 
Cellulose, . : . a ‘ 2 5 1.55 1.65 1.65 1.62 
Ashes,. : s : 5 3 5 1.95 1.52 2.20 1.44 
Carbohydrates, . ‘ ; 3 4 82.95 80.39 82.09 81.28 
100.00 100.00 100.00 100.00 


Judging from the results obtained in connection with 
the described experiment the following conclusions suggest 
themselves : — 

Conclusions. —'The alkaline phosphate (phosphatic ‘slag 
meal) has under fairly corresponding conditions increased 
the availability of the nitrogen contained in steamed leather, 
in leather scraps and in dried blood in a higher degree than 
the acid phosphate. The influence is apparent alike in the 
general character of the entire plant and in the composition 
of the kernels. The difference in the relative agricultural 
value of both articles as nitrogen sources remains, however, 
the same; for leather in any form, without a previous de- 
struction of the tanning principle, tannin, is worthless for 
manurial purposes. 


5. CONTRIBUTION TO THE DETERMINATION OF THE AVAIL- 
ABLE PHOSPHORIC ACID IN SOILS UNDER CULTIVATION. 


The fact that agricultural chemists have thus far failed to 
point out any mode of soil analysis as reliable, by which 
the amount of phosphoric acid available to crops can be 
ascertained, is pretty generally recognized. Attempts are 
not wanting to solve this important question. Among the 
well-known investigations in that direction are those of Dr. 
B. Deyer (1894). Results of later years obtained in this 
connection upon soils of well-known history at Rothamsted 
in England are pronounced very encouraging by Dr. Gil- 
bert. .The American Association of Official Chemists has 
during the past year entered upon a systematic investigation 
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regarding the best course to be adopted to determine the 
available phosphoric acid; in this work the writer has taken 
some part. A compilation of the contributions to these 
more recent experiments is to be published soon by the 
United States Department of Agriculture. 

Our local observations at Amherst are briefly described in 
a few subsequent pages upon a field which had been under 
careful observation for five years, 1890-95. The following 
brief abstract of the management of the field work shows the 
condition of the soil which served for our investigation : — 


field F. 


The field selected for this purpose is 300 feet long and 
137 feet wide, running on a level from east to west. Pre- 
vious to 1887 it was used as a meadow, which was well 
worn out at that time, yielding but a scanty crop of Eng- 
lish hay. During the autumn of 1887 the sod was turned 
under and left in that state over winter. It was decided to 
prepare the field for special experiments with phosphoric 
acid by a systematic exhaustion of its inherent resources of 
plant food. For this reason no manurial matter of any de- — 
scription was applied during the years 1887, 1888 and 1889. 

The soil, a fair sandy loam, was carefully prepared every 
year by ploughing during the fall and in the spring, to 
improve its mechanical condition to the full extent of exist- 
ing circumstances. During the same period a crop was 
raised every year. These crops were selected, as far as 
practicable, with a view to exhaust the supply of phosphoric 
acid in particular. Corn, Hungarian grass and leguminous 
crops (cow-pea, vetch and serradella) followed each other 
in the order stated. | 

1890. — The field was subdivided into five plats, running 
from east to west, each twenty-one feet wide, with a space 
of eight feet between adjoining plats. 

The manurial material applied to each of these a plats 
contained, in every instance, the same form and the same 
quantity of potassium oxide and of nitrogen, while the 
phosphoric acid was furnished in each case in the form 
of a different commercial phosphoric-acid-containing article, 
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namely, phosphatic slag, Mona guano, Florida phosphate, 
South Carolina phosphate (floats) and dissolved bone-black. 
The market cost of each of these articles controlled the 
quantity applied, for each plat received the same money 
value in its particular kind of phosphate. 


Analyses of Phosphates used. 


[I., phosphatic slag; II., Mona guano; III., Florida phosphate; IV., South Carolina phos- 
phate; V., dissolved bone-black. } 


PER CENT. 

I. | c. | Til. | IV. | Wa 
Moisture, ° . ° : : AT 12.52 2.53 39 15.96 
Ash, ENS EE es ae s) 75.99 | 89.52 = 61.46 
Calcium oxide, . . dt a bs 0 FSB ae 37.49 17.89 46.76 - 
Magnesium oxide, . : 2 : - 5.05 - - - - 
Ferric and aluminic oxides, . 2 - | 14.35 - 14.25 5.78 - 
Total phosphoric acid, . 5 eal 2ie|) 19204 21.88 21.72 27.57 15.82 
Soluble phosphoricacid, .. - - - ~ 12.65 
Reverted phosphoric acid, . s 3 ~ 7.55 = 4.27 2.52 
Insoluble phosphoric acid, . ; ; ~ 14.33 ~ 23.30 65 
Insoluble matter, . S - é 5 4.39 2.45 30.50 9.04 6.26 


The following fertilizer mixtures have been applied an- 
nually to all the plats, with the exception of Plat 3, which 


received in 1890 ground apatite and in 1891 no phosphate 
whatever : — 


PLATS. | Annual Supply of Manurial Substances. |Pounds. 

Ground phosphatic slag, - 5 Ril tii 
Plat 1 (south, 6,494 square feet), . Nitrate of soda, : z ‘ 2 43 
Potash- -magnesia sulphate, . . . 58 
Ground Mona guano, . : , arts ds 

Plat 2 (6,565 square feet), : Nitrate of soda, A = ° - 434 
Potash-magnesia sulphate, - . . 59 
Ground Florida phosphate, . A op 2d 
Plat 3 (6,636 square feet), 5 : -)| Nitrate of soda, : - ° 44 
Potash-magnesia sulphate, c : : 59 
South Carolina phosphate, . ° 3) jereted 

Plat 4 (6,707 square feet), F Nitrate of soda, 5 : ‘ : 443 
j Potash-magnesia sulphate, F ° 5 60 
Dissolved bone-black, . : . 78 
Plat 5 (6,778 square feet), Nitrate of soda, : : : 5 45 
Potash-magnesia sulphate, : < - 61 
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The phosphatic slag, Mona guano, South Carolina phos- 
phate and Florida phosphate were applied at the rate of 850 
pounds per acre; dissolved bone-black at the rate of 500 
pounds per acre. Nitrate of soda was applied at the rate of 
250 pounds per acre and potash-magnesia sulphate at the 
rate of 390 pounds per acre. 

Potatoes were raised upon the plats in 1890; in 1891 
winter wheat was employed (for details see ninth annual 
report) ; in 1892 serradella was the crop experimented with 
(see tenth annual report); and in 1893 a variety of Dent 
corn, Pride of the North (see eleventh annual report). 

1594. — During the preceding season it was decided to 
ascertain the after-effect of the phosphoric acid applied 
during previous years by excluding it from the fertilizer 
applied. In addition, to secure the full effect of the phos- 
phoric acid stored up, the potassium oxide and nitrogen 
were increased one-half, as compared with preceding seasons. 
A grain crop (barley) calling for a liberal amount of phos- 
phoric acid was chosen for the trial. The field was ploughed 
April 17, the fertilizer being applied broadcast April 20, 
and harrowed in. Below is given a statement of fertilizer 
applied : — 


643% pounds of nitrate of soda. 


Plat 1 (6,494 square feet), 9-2 so es 87 pounds of potash-magnesia sulphate. 


a : 
Plat 2 (6,565 square feet), } 65} pounds of nitrate of soda. 


*(88 pounds of potash-magnesia sulphate. 


ay 66 pounds of nitrate of soda. 
Plat 3 (6,636 square feet), *?89 pounds of potash-magnesia sulphate. 
66} pounds of nitrate of soda. 
Plat 4 (6,707 square feet), */90 pounds of potash-magnesia sulphate. 
674 pounds of nitrate of soda. 


Plat 5 (6,778 square feet), */ 903 pounds of potash-magnesia sulphate. 


Yield of Crop (1894). 


PLATS. aan Grain Raper Percentage | Percentage 

(Pounds). (Pounds). (Pounds). of Grain. | of Straw. 
Platl, . : i , ; 490 169 221 34.49 65.51 
Plat 2, . é : : 405 148 251 34.07 65.93 
Bie ha 0 oe ana 290 78 212 | 26.89 73.11 
Plat4, . F - 6 ° 460 144 216 31.30 68.70 


Plats, . : : 3 : 390 118 272 30.26 69.74 
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Summary of Yield of Crop (1890-94). 


ee 1890. 1891. 1892. 1893. 1894. 
: Potatoes. Wheat. Serradella. Corn. Barley. 
UE RS el SANS 
Plat 1, 1,600 380 4,070 1,660 490 
Plat 2, . 1,415 i ls SOs ba eet 405 
Plat 3, 1,500 215 | 2,750 1,347 290 
Plat 4, 1,830 Ban hye 3.110 1,469 460 
Plat 5, 2,120 405 | 2,920 1,322 390 
Phosphoric Acid applied to and removed from Field. 
[Pounds.] 
1890. | 1891. 1892. 1s93. || 1894. || 2 | 2 
wet || | ee | ee | an 
‘ : : . ape ge os| 94 
PE. 3 3 3 eo 3 83 |8e| 88 
Bees Pel es | Pe Pe oe | Ell | ESS (se) Se 
o ° Co) ° C) ° o ° co) ° sq \a =. 
el eis tals | sis | gis] # Sy iss! Sg 
GS cn) so ro) | () rS ) cs o os ofS om 
q¢i/aia [eid }/ae)]4{),eai<d+i ele je |a 
Plat 1, 24.18) 2.56 04.18; 1.23|| 24.18) 8.95], 24.18] 7.20|| -* | 1.92|| 96.72/21.86| 75.86 
Plat 2, 28.01) 2.36)) 28.01] 1.19|] 28.01] 7.50|| 28.01| 6.33 -* | 1.64|] 72.04)19.02| 53.02 
Plat 3, 109.68] 2.40|| -* | .69|| 28.01| 6.05); 28.01 5.95; -* | .76|/165.70|15.85| 149.85 
Plat 4, 36.12] 2.93/| 36.12 | 36.12) 6.84) 36.12) 6.68 -* | 1.72/144.48)19.84) 124.64 
Plat 5, 12.34| 3.39|| 12.34] 1.22| 12.34! 6.42|| 12.34] 6.05| -* 1.49|| 49.36/18.57| 30.79 
| 
* None. 
Conclusions. 


From the previous statement of comparative yield we find 


that 


the plat receiving dissolved bone-black leads in yield 


during the first two years, while for the third, fourth and 


fifth 


years the plats receiving insoluble phosphates are ahead, 


phosphatic slag being first, South Carolina floats second and 
Mona guano third. 


DESCRIPTION OF MoprEs oF ANALYSIS ADOPTED IN OUR INVESTI- 


GATIONS OF SAMPLES OF SOIL TAKEN FROM THE ABOVE-MEN- 
TIONED Five PLats IN SEPTEMBER, 1894, IN THE MANNER 
RECOMMENDED BY THE COMMITTEE OF THE AMERICAN ASSO- 
CIATION OF OrFrIcIAL CHEMISTS, Pror. Harry SNYDER OF 
MINNESOTA, CHAIRMAN. 


I. — Total Phosphoric Acid. 


Ten grams of soil are digested with 100 c.c. of pure 
hydrochloric acid, of specific gravity 1.115, for ten con- 
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secutive hours in a boiling-water bath, shaking once each 
hour. The stopper of the flask should carry a condensing 
tube, to prevent evaporation. The material is filtered, and 
the residue is washed with distilled water until free of acid. 
The organic matter in filtrate is oxidized with nitric acid 
and evaporated to dryness on the water bath, finishing on 
sand bath to complete dryness. The material when cool 
is taken up with hot water and a few cubic centimeters of 
hydrochloric acid, and again evaporated to complete dryness. 
It is taken up as before, filtered and washed thoroughly with 
cold water, cooled and made up to 500 c.c. 


II. — Directions of the Association of Official Agricultural Chemists 
for the Determination of Available Phosphoric Acid in Soils, 
Fifth Normal Hydrochloric Acid being used as the Solvent. 

1. Determination of Moisture. — Use the official method 
described in Bulletin 46, page 48, Division of Chemistry, 
United States Department of Agriculture. Calculate all 
results to the water free basis. 

2. Determination of Phosphoric Acid Soluble in Fifth 
Normal Hydrochloric Acid. — (a) Preliminary treatment: 
Digest 20 grams of soil with 200 c.c. of fifth normal hydro- 
chloric acid at 40° C. for five hours. Titrate 20 c.c. of the 
clear filtrate against a standard caustic soda solution, using 
phenolphthaline for the indicator. From this data calculate 
the amount of hydrochloric acid necessary to be added, so 
that the solution will be fifth normal after allowing for the 
acid neutralized. (6) The determination: Weigh out 50 to 
100 grams of soil into an Erlenmeyer flask, and add 10 c.c. 
of acid, corrected for neutralization as directed under (a) 
for every gram of soil used. The flask is corked with a 
rubber stopper, which carries a thermometer. The flask is _ 
then placed in a water bath previously heated to 40° C., 
and the contents of the flask are thoroughly shaken every 
half hour during the digestion. The solution is then filtered 
through a ribbed filter of two thicknesses of paper, refilter- 
ing the first portion, if cloudy. The filter should be large 
enough to receive the entire contents of the flask. Before 
filtering the contents, the flask should be well shaken. Four 
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hundred to 600 c.c. of the filtrate (at 20° C.) are evaporated 
to dryness after adding 1 to 3 c.c. of nitric acid. If there 
is any appreciable amount of organic matter present, the 
residue is to be carefully charred. Moisten the residue 
with hydrochloric acid and add 50 to 100 c.c. of distilled 
water, and then digest. Filter, neutralize with ammonia, 
add 5 c.c. of strong nitric acid and 15 grams of nitrate of 
ammonia in solution. Complete the determination accord- 
ing to one of the official methods given for the determination 
of phosphoric acid, or use the Goss method as given in Cir- 
cular No. 4 to accompany Bulletin No. 46. 


ITI. — Determination of the Available Phosphoric Acid in Soils by 
Means of a One Per Cent. Solution of Citric Acid (Dr. B. 
Deyer). 

Preliminary Treatment.— Twenty grams of soil are di- 
gested with 200 c.c. of a one per cent. citric acid solution 
for five hours, at ordinary temperature (18° to 21° C.). 
The material is filtered and solution is titrated against a 
standard alkali solution, to determine the amount of acid 
neutralized by alkalies in the soil. For the estimation of 
the ‘‘ available” potash and phosphoric acid, one per cent. 
citric acid solution has been employed, digesting 100 grams 
of air-dried soil with 500 c.c. of the solvent, as directed in 
the preliminary test, corrected for neutralization, for five 
hours at room temperature. The filtered solution is evapo- 
rated to dryness, charred, and the residue abstracted with 
dilute hydrochloric acid and water. The filtrate from this 
operation is treated for the determination of phosphoric acid 
as directed in one of the official methods. 


IV. — Determination of the Available Phosphoric Acid in Soils by 
Means of a Neutral Solution of Citrate of Ammonia. 

Ten grams of the soil are digested for one-half hour, at 
65° C., with 500 c.c. of strictly neutral solution of citrate 
of ammonia, specific gravity 1.09. The flask carries a 
rubber stopper, and is thoroughly agitated every five min- 
utes. At the expiration of thirty minutes, remove flask 
from bath and filter as rapidly as possible. Wash thor- 
oughly with water at 65° C. LEvaporate the solution to 
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dryness, char, and abstract with dilute nitric acid. Filter 
and wash thoroughly with water. Burn the residue to a 
white ash, add it to the solution and bring to complete 
dryness on sand bath. Take up with hot water and a few 
cubic centimeters of nitric acid. Digest for one-half hour. 
Filter and wash thoroughly, and determine phosphoric acid 
in the solution in the usual way. 


Results of Analyses of Soils for Available Phosphoric Acid, by 
Methods previously described (Soil from Fields of Massachusetts 
Agricultural College Farm). 


Available Phos-| 4 vailable Phos-| “Viable Phos- 
phoric Acid by| phoric Acid by| Bhowe Acid 
% Hydrochloric| 1 Per Cent. vere 


we z Citrate of Am- 
Acid. Citric Acid. monia. 


Total 
No. oF SAMPLES.| Moisture. Phosphoric 
cid. 


TC nan Sten Wa wET -255 .0283 .01325 0735 
Dn Cia ayaa sg .87 .290 .0338 .01650 .0945 
3, .95 -210 .0407 .01420 .0865 
EATEN ETN 1.07 "220 .0330 .01920 | .0925 
ait eae ee a 1.02 .180 .0345 .01430 -1070 


Analysts: Henri D. HASKINS. 
CHARLES I. GOESSMANN. 


Conclusion. 


The several modes used by us in determining the amount 
of available phosphoric acid contained in the soil under ex- 
amination have given different results. The difference in 
the amount of available phosphoric acid found by any of the 
modes of analysis employed does not correspond with the 
actual yield of the several plats in the field. The results 
of our investigation are more of a suggestive than decisive 
character. The work will be continued as far as resources 
on hand will permit. 


6. ANALYSIS OF DRAINAGE WATERS OBTAINED FROM 
Fretp A or THE HatcH EXPERIMENT STATION, 
The field under discussion has been from 1883 to date 
treated in a systematic way with commercial fertilizers, in 
the manner briefly described in the following pages. The 
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field consisted of eleven plats, one-tenth of an acre each, 
with a space of from five to six feet between the adjoining 
plats. This space was cultivated in connection with the 
planted plats, yet received no fertilizing material of any de- 
scription, nor were they seeded down at any time during 
the experiment. Each plat was provided in the centre with 
a tile drain running at a depth of from three and a half 
to four feet through the entire length, which terminated in 
an open well, to allow the collection of the drainage water 
for examination whenever desired, to study the character of 
the soil constituents carried off. The entire field of eleven 
separate plats were surrounded by a tile drain with an in- 
dependent outlet, to prevent an access of drainage waters 
from adjoining fields. A marked gradual decline in the 
yield of several plats, in spite of a uniform liberal supply 
of the fertilizer used during the earlier years of the experi- 
ment, rendered an examination into the cause or causes of 
the reduction in the annual yield desirable. 

As an examination of the drainage waters coming from the 
different plats promised to throw some light on the action of 
the several mixtures of fertilizers used on the soil resources 
of the field employed in the observation, it was decided to 
subject them to a careful chemical analysis. The samples 
used for these analyses were collected in all cases as far as 
practicable soon after each tile drain began to discharge 
drainage water. As the temporary flow of the drains in the 
different plats differed widely in quantity, no attempt was 
made to ascertain in each case the exact amount discharged 
in a given time. The examination was instituted for the 
purpose of ascertaining the general character of the dis- 
charge of the drains, and to determine the relative pro- 
portion of various soil constituents they contained. The 
results of this investigation are stated farther on, after a 
brief description of the general management of the field, 
as well as a detailed statement of the fertilizers used. 
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Amount of Fertilizing Ingredients used annually per Acre. 


Nitrogen, . ; ; 45 pounds. 

Plats 0, 1, 2, 3, 5,6, 8, 10, 4 Phosphoric acid, . : : 80 pounds. 
| Potassium oxide, . : . 125 pounds. 

( Nitrogen, : none. 

Plats 4,7,9, . : . ¢ Phosphoric acid, . : 4 80 pounds. 
\ Potassium oxide, . : . . 125 pounds. 


One plat, marked 0, received its main supply of phos- 
phoric acid, potassium oxide and nitrogen in form of barn- 
yard manure; the latter was carefully analyzed before being 
applied, to determine the amount required to secure, as far 
as practicable, the desired corresponding proportion of the 
three essential fertilizing constituents. The deficiency in 
potassium oxide and phosphoric acid was supplied by 
potash-magnesia sulphate and dissolved bone-black. The 
fertilizer for this plat consisted of 800 pounds of barn-yard 
manure, 32 pounds of potash-magnesia sulphate and 18 
pounds of dissolved bone-black. 

The mechanical preparation of the soil, the incorporation 
of the manurial substances, —the general character of the 
latter being the same, —the seeding, cultivating and har- 
vesting were carried on year after year in a like manner 
and as far as practicable on the same day in case of every 
plat during the same year. 

The subsequent tabular statement shows the annual appli- 
cation and special distribution of the manurial substances 
with reference to each plat since 1889. The fertilizers were 
in every case applied broadcast as early in the spring as 
circumstances permitted. They were well harrowed under 
before the seed was planted in rows by a seed drill. 


PLATS 


(One-tenth Acre). Annual Supply of Manurial Substances. 

Plat 0, 3 . | 800 lbs. of barn-yard manure, 32 Ibs. of potash-magnesia sulphate and 18 
lbs. of dissolved bone-black. 

Plat 1, A - | 29 lbs. sodium nitrate (= 4 to 5 lbs. nitrogen), 25 lbs. muriate of potash 


(=12 to 13 lbs. potassium oxide), and 50 Ibs. dissolved bone-black 
(= 8.5 lbs. available phosphoric acid). 
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PLATS 


(One-tenth Acre). 


mee | 


/ 


Plat 4, . . 


Plat 5, 5 


Plat 6, = 


Plat 7, : - 


Plat 8, ° . 


Annual Supply of Manurial Substances. 


29 lbs. sodium nitrate (= 4 to 5 lbs. nitrogen), 48.5 lbs. potash-magnesia 
sulphate (—12 to 13 lbs. potassium oxide), and 50 lbs. dissolved bone- 
black (=8.5 lbs. available phosphoric acid). 


43 lbs. dried blood (=5 to 6 lbs. nitrogen), 25 lbs. muriate of potash 
(=12 to 13 lbs. potassium oxide), and 50 lbs. dissolved bone-black 
(=8.5 lbs. phosphoric acid). 


25 lbs. muriate of potash (—12 to 13 lbs. potassium oxide) and 50 lbs. 
dissolved bone-black (= 8.5 lbs. available phosphoric acid). 


22.5 lbs. ammonium sulphate (—4 to 5 lbs. nitrogen) 48.5 Ibs. potash- 
magnesia sulphate (=12 to 13 lbs. potassium oxide), and 50 lbs. dis- 
solved bone-black (=8.5 lbs. available phosphuric acid). 


22.5 lbs. ammonium sulphate (=4 to 5 Ibs. nitrogen), 25 lbs. muriate of 
potash (=12 to 13 lbs. potassium oxide), and 50 lbs. dissolved bone- 
black (=8.5 lbs. available phosphoric acid). 


25 lbs. muriate of potash (=12 to 13 lbs. potassium oxide) and 50 lbs. 
dissolved bone-black (= 8.5 lbs. available phosphoric acid). 


22.5 lbs. ammonium sulphate (= 4 to 5 lbs. nitrogen), 25 lbs. muriate of 
potash (= 12 to 13 lbs. potassium oxide), and 50 lbs. dissolved bone- 
black (= 8.5 lbs. available phosphoric acid). : 


25 lbs. muriate of potash (=12 to 13 Jbs. potassium oxide) and 50 Ibs. 
dissolved bone-black (=8.5 lbs. available phosphoric acid). 


43 lbs. dried blood (—5 to 6 lbs. nitrogen), 48.5 lbs. potash-magnesia 
sulphate (=12 to 13 lbs. potassium oxide), and 50 lbs. dissolved bone- 
black (= 8.5 lbs. available phosphoric acid). 


The above-described course of the general management 
of the experiment has been followed thus far for five con- 
secutive years (1889-93, inclusive). 


Corn (maize), 


Oats, . : 
Rye, . ‘ 
Soy bean, 

Oats, . : 


Kind of Crops Raised. 


' : : ; : ; A : . in 1889. 
; : : P : } ‘ ; : . ty 1890. 
d : ; , A “ : : ; « IMIjISHe 
: é : , : ; : : ‘ . in 1892. 
: ; : : c ; ‘ : ‘ . in 1893. 


Amount of Fertilizing Ingredients applied per Acre during 1894. 


Nitrogen, , ; : . 45 pounds. 

Plats 0, 1, 2, 3,5, 6, 8,10, 4 Phosphoric acid, . ; . 160 pounds. 
| Potassium oxide, . ; . 250 pounds. 

| Nitrogen, : : ; none. 
Plats 4, 7, 9, . § Phosphoric acid, . ; . 160 pounds. 


\ Potassium oxide, . : . 250 pounds. 
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(On i Spe iN cre) Manurial Substances Applied. 


Plat 0, 5 . | 800 lbs. barn-yard manure, 804 lbs. potash- “magnesia sulphate and 77 lbs. 
dissolved bone-black. 


Plat 1, . . | 291bs. sodium nitrate (= 4 to 5 lbs. nitrogen), 54 lbs. muriate of potash 
(=25 to 26 lbs. potassium oxide), and 114 lbs. dissolved bone-black 
(=16 to 17 lbs. phosphoric acid). 


Plat 2, a . | 29 lbs. nitrate of soda (=4to 5 lbs. nitrogen), 97 lbs. potash-magnesia 
sulphate (= 25 to 26 lbs. potassium oxide), and 114 lbs. dissolved bone- 
black (=16 to 17 lbs. phosphoric acid). 


Plat 3, : - | 43 lbs. dried blood (=5 to 6 lbs. nitrogen), 54 lbs. muriate of potash 
(=25 to 26 lbs. potassium oxide), and 114 lbs. dissolved bone-black 
(= 16 to 17 lbs. phosphoric acid). 


Plat 4, : . | 54 lbs. muriate of potash (= 25 to 26 Ibs. potassium oxide), and 114 lbs. 
dissolved;bone-black (= 16 to 17 lbs. phosphoric acid). 


Plat 5, 4 . | 223 lbs. ammonium sulphate (= 4 to 5 lbs. nitrogen), 97 lbs. potash-mag- 
nesia sulphate (= 25 to 26 lbs. potassium oxide), and 114 lbs. dissolved 
bone-black (=16 to 17 lbs. phosphoric acid). 


Plat 6, 4 . | 221 lbs. ammonium sulphate (=4 to 5 lbs. nitrogen), 54 lbs. muriate of 
potash (= 25 to 26 lbs. potassium oxide), and 114 lbs. dissolved bone- 
black (=16 to 17 lbs. phosphoric acid). 


Plat 7, 5 . | 54 lbs. muriate of potash (= 25 to 26 lbs. potassium oxide), and 114 lbs. 
dissolved bone-black (= 16 to 17 lbs. phosphoric acid). 


Plat 8, = . | 225 lbs. ammonium sulphate (=4 to 5 lbs. nitrogen), 54 lbs. muriate of 
potash (= 25 to 26 lbs. potassium oxide), and 114 Ibs. dissolved bone- 
black (=16 to 17 lbs. phosphoric acid). 


Plat 9, ‘ . | 541bs. muriate of potash (= 25 to 26 lbs. potneaiai oxide), and 114 lbs. 
dissolved bone black (= 16 to 17 lbs. phosphoric acid). 


Plat 10, 4 . | 48 lbs. dried blood (=4 to 5 lbs. nitrogen), 97 lbs. sulphate of potash- 
magnesia (= 25 to 26 lbs. potassium oxide), and 114 lbs. dissolved 
bone-black (= 16 to 17 lbs. phosphoric acid). 
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Without any intention to discuss here in detail the causes 
of the variations noticed in the composition of the saline resi- 
dues left when evaporating a definite amount of the drainage 
water collected from the various plats, it remains of especial 
interest to call attention to the fact that wherever muriate of 
potash had been used as a potash source of plant food excep- 
tional quantities of the chlorides of calcium and magnesium 
proved to be present (plats 1, 3, 4, 6, 7, 8 and 9). The 
belief that a liberal use of muriate of potash had resulted in 
wasting in an exceptional degree in particular the lime re- 
sources of the soil, and thereby reducing the yield of the 
crops, has since been confirmed. The annual yield of the 
crops has been restored to its former satisfactory condition, 
after a liberal addition of air-slaked lime to the manures used 
for years upon the field in question. 
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REPORT OF THE BOTANISTS. 


GEORGE E. STONE, RALPH E. SMITH. 


Scope of Work. 
Pathogenic Fungi. 

Diseases of the Walnut, Maple, Oak, Peach, Plum, 
Cherry, Melon, Cabbage, Lettuce, Chrysanthe- 
mum and Pansy. 

Physiological Disorders. 
Seasonal Peculiarities of Certain Shade Trees. 
_Over-feeding of Plants. 

Bronzing of Roses. 

Cucumber Wilt. 

Some Difficulties which City Shade Trees have to 
contend with. 


ScopE oF WorRK. 


This division has during the past year made special effort 
to come into direct contact with a large number of market 
gardeners and greenhouse growers; and, largely as a result 
of this more direct contact and the numerous visits made 
to their establishments, our correspondence has during the 
past year doubled that of any other year, and has covered 
a multitude of subjects relating to botany. 

We have paid some attention this summer to the asparagus 
rust, which caused so much damage in this State in 1897. 
A study of the conditions which caused the rust has been 
made at various places throughout the State, and spraying 
experiments have been carried on in co-operation with dif- 
ferent asparagus growers. 

The results of the study of nematode worms in green- 
houses, which has received a great deal of attention by 
this division for over three years, have been published in 
Bulletin No. 55, which can be had on application. This 


1899.] | PUBLIC DOCUMENT —No. 81. 223 


bulletin, containing 67 pages and 14 plates, gives a full 
account of the parasitic species of nematode, its life history 
and development, together with the results of an extensive 
series of experiments on the methods of controlling the 
pest. In these investigations the worthlessness of many 
supposed remedies has been brought out, and a practical 
method of treatment developed by which the trouble can be 
successfully and economically avoided. From a consider- 
able amount of data accumulated during the last three years 
it appears that the loss experienced by cucumber growers 
who have been troubled with nematodes in the greenhouse 
equals 25 to 85 per cent. of the marketable crop; and it 1s 
hoped, from the positive results obtained, that little trouble 
may be experienced hereafter with this pest. There are still, 
however, some further experiments being made upon nema- 
tode-control methods, in co-operation with large greenhouse 
growers, along lines which promise cheaper and efficient 
results. 

The principal investigations with which this division is 
concerned at present are largely in connection with market- 
garden crops such as are cultivated in greenhouses. The 
division is supplied with greenhouses excellently arranged 
for experimental purposes, and containing space enough to 
carry on investigations from which reliable deductions can 
be drawn. The more important greenhouse crops grown 
in our greenhouses for.experimental purposes are those rep- 
resenting considerable importance in this State, namely, 
lettuce, cucumbers and tomatoes; and it may be justly said 
that there is no class of agricultural pursuits which is repre- 
sented by men of greater intelligence, skill and knowledge. 

A brief outline of some of the investigations may not be 
out of place : — 

(a) Experiments on the control of the ‘‘ drop” in lettuce, 
and a study of the little known habits of the fungus causing 
the same. A lettuce house, 40 by 12 feet, is devoted to 
these experiments. 

(6) Observations on the ‘‘top-burn” in lettuce. 

(c) Experiments on the mechanical conditions of the soil, 
as affecting the growth of lettuce. 
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(dq) Sub-irrigation, as affecting lettuce diseases. 

(e) Experiments on the pruning of cucumbers, in rela- 
tion to the maturity and production of fruit; also, observa- 
tions on the various fungous diseases of the cucumber, and 
the conditions which favor them. 

(7) Experiments on the pruning of tomatoes, in rela- 
tion to the production and maturity of fruit; a study of the 
fungous diseases of the tomato. 

(7) Experiments on the growth of violets in sterilized 
soil and nematode-infested earth, with special reference to 
the relationship existing between the size, maturity and pro- 
duction of flowers in the plants, and abundance of leaf spots. 

(i) Experiments with gases and chemical solutions for 
disinfecting greenhouses and repression of fungi. 

(2) Further experiments on the relationship existing be- 
tween electricity and plant growth. 

There are a host of fungous diseases common to our out-of- 
door plants, some of which have received special attention, 
such, for example, as the asparagus rust, aster disease, etc. ; 
but the practice of spraying fruit trees and garden crops has 
for many years been largely carried out by the horticultural 
division, which is well equipped with all of the modern spray- 
ing appliances. 

A few years ago it ‘was generally believed by the majority 
of people that botany was incapable of being made of any 
practical use, and it is doing no injustice to truth to state 
that it did possess little at that time. To-day, however, this 
state of affairs has entirely changed, and botany, like chem- 
istry and other allied sciences, has taken its place in the in- 
dustrial arts, —a fact which is due to the advance of science 
in general, but more especially to the inherent genius char- 
acteristic of the American investigator, which naturally em- 
phasizes the utilitarian aspect of science. The annual loss 
in the United States to agricultural, horticultural and flori- 
cultural products caused by pathogenic fungi and their allies 
will probably equal $10,000,000. Itis, therefore, not only 
important, but perfectly legitimate, that the principal work 
of botanists in our numerous experiment stations should 
consist in studying the life history of these organisms with 
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a view to their repression. In regard to the industrial side 
of botany, it should not be forgotten that it owes a great 
deal to the patient investigations of the many scientific 
workers of the past, who have devoted their attention to 
matters of purely scientific interest; and our stations would 
not be where they are to-day were it not for the labors of 
these men. 

In connection with the characteristic utilitarian features 
of the present American botanists, it may be of some inter- 
est to observe the differences existing between European 
and American methods of combating pests. Some of the 
most effective spraying solutions were discovered in Europe, 
but the methods of applying them and the results obtained 
by their use to our crops far exceed anything ever accom- 
plished there. To one who has paid any attention to the 
manner of growing plants in Europe and the methods which 
are pursued in the control of plant diseases, it would seem 
no exaggeration to state that more is accomplished in this 
direction in the United States in one year than in Europe in 
five years. | 

The past season has been what might be termed a normal 
one, although, as in every season, some fungi were espe- 
cially predominant. There are, however, every year types 
of fungous diseases which affect our shade trees. 


PaTHoGENIC FunGcr. 


The fungous diseases which have been specially common 
upon our shade trees this last season are as follows : — 


Black Spot of the Maple (Rhytisma acerinum, (P), Fr.). 


This fungus is characterized by elevated black spots or 
blotches upon the surface of the leaf, and, while it is not un- 
common to a few maples, it has been especially abundant on 
the silver maple. 
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Oak Leaf Blight (Gloeosporium nerviseguum, (Fckl.), 
Sace) 


A fungus apparently identical with that which causes the 
blight of the sycamore is sometimes found upon the white 
oak. This produces large dead blotches upon affected leaves, 
and causes great disfiguration of white oak trees. 


Walnut Leaf Blight (Gloeosporium Juglandis, (Lib.), 
Mont.). 


This disease was mentioned in our last report as having 
been especially abundant during 1897. It has also occurred 
this year, but to a much less extent. 

These diseases are briefly mentioned because complaint 
has been frequent during the past summer in regard to them, 
largely, however, from people who possess shade trees which 
they value. From what we know in regard to the treatment 
of similar fungi occurring on other plants, it would seem 
that spraying might hold some of these in check; and the 
only reply which can be made is, Are the trees valuable 
enough to receive treatment? Some of these fungi attack 
large groves, and the expense of spraying would amount to 
considerable. As a rule, these fungi only make their ap- 
pearance at intervals, and do not injure the trees to any 
great extent. In consideration of this fact, it appears ques- 
tionable to us whether they are worth the trouble; but, 
should spraying be deemed necessary, it would have to be 
done early and continued each year. 

The disease of the peach known as the ‘leaf ane 
(Exoascus deformans, Fckl.) has been unusually abundant 
during the past season. ‘This disease is well known to most 
peach growers, causing the leaves to become wrinkled and 
curled and greatly deformed, finally resulting in their falling 
to the ground. It is not ordinarily regarded as an especially 
destructive disease, and does not often cause any appreciable 
damage to the tree; but, when so abundant as to cause a 
large proportion of the leaves to fall, it cannot but injure 
the tree to some extent. 
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Another disease of the stone fruits, the so-called ‘* plum 
pockets” (Hxoascus Pruni, Fckl.), which causes young 
plants to become swollen and distorted in a peculiar manner, 
has been received several times this year. Besides the plum 
(Prunus domestica), the wild cherry (Prunus Virginiana) 
is also affected by the same fungus. The disease is not often 
very abundant, but occasionally causes a considerable diminu- 
tion of the crop. , 

For methods of controlling the various diseases of the 
peach, plum and cherry, consult the spraying bulletin annu- 
ally issued by the horticultural division of this station. 


A Musk-melon Disease. 


During the latter part of August our attention was called 
to a field of musk-melons, in which a destructive disease of 
the leaves had appeared and seemed to be rapidly increasing. 
The owner informed us that he had lost his entire crop the 
year before in the same way. It was evident that the trouble 
began in the centre of the hills. Here the leaves at the time 
of our first visit had in many hills wilted and begun to turn 
yellow and partially died. They were covered with yellow 
spots, or, in the worst cases, with dead areas of considerable 
size. At this time the general appearance of the field was 
good, the only very noticeably affected places being these 
centres of some of the hills. Still, it could be seen on closer 
examination that scarcely a leaf in the whole field was entirely 
healthy. On almost every one there were small yellow 
spots, more or less abundant, some were slightly wilted, and 
it was evident enough that the disease was spreading in each 
hill from the centre outward. The dead areas on the most’ 
affected leaves were dry and brittle, marked with slight con- 
centric rings, and a dark, mould-like growth could be seen 
upon them. Examined with the microscope, this proved to 
be a fungus, and a species of Alternaria. It grew abun- 
dantly in the tissue of the leaf as well as upon the surface, 
where the dark-brown, club-shaped spores were produced. 
No other fungus or other organism could be found on the 
affected leaves, and there seemed but little doubt that this 
was the direct cause of the trouble. Furthermore, Dr. W. 
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C. Sturgis,* who describes what is evidently the same disease 
in Connecticut, has succeeded in producing it by inoculating 
sound leaves with the fungus, thus leaving no doubt that 
the Alternaria is the cause of the trouble. This fungus is a 
mould-like growth, consisting of a mass of fine filaments 
which grow upon and in the leaf, consuming its substance 
and vitality. It reproduces itself by the above-mentioned 
spores, which are blown by the wind from the surface of the 
affected leaves to fresh ones, and there germinate and produce 
the disease. It is not entirely clear why the leaves near the 
centre of the hill should be the first to show the disease, 
unless, perhaps, it is because they are the oldest leaves, and 
thus are growing less vigorously than the outer ones, and 
less able to resist the attacks of such a fungus. It should 
not be supposed that the disease spreads outward to the 
other leaves through ‘the plant itself, as the nature of the 
fungus shows that this is not the case, but that it spreads 
entirely by means of the spores which are carried through 
the air. 

As the disease was so far advanced when we first saw it, it 
was pretty evident that no treatment would be of much avail 
in checking it. A portion of the field was sprayed with 
Bordeaux mixture, but the weather continued, as it had been 
for some time previous, very rainy, and before a second 
spraying could be made almost every leaf in the field was 
dead and withered. Some of the melons had reached 
sufficient size to mature, but nothing like a full crop was ob- 
tained. The same disease was met with in one other locality 
during the season, and no doubt occurred in various parts 
of the State, though melon-raising is not much practised 
here. There is no apparent reason why this disease should 
not be as successfully treated by spraying with Bordeaux 
mixture as are many similiar ones which are largely pre- 
vented by this means. [Experiments will be made another 
season by spraying at the time of blossoming, and several 
times thereafter during the season. Knowing the nature of 


* Report Connecticut Agricultural Experiment Station, 19 (1895), p. 186, and 20 
(1896), p. 267. See also Ohio Bulletin 73, p. 235, and 89, p. 117; Journal Mycology, 
vii, p. 373. 
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the disease, it will of course be at once understood that it is 
very advisable to destroy all affected vines and leaves by 
burning. It might also be safer not to plant melons on land 
where the disease had already occurred during the previous 
season. We do not, however, lay great stress on this, as 
many farmers have a particular area especially suited to this 
crop, which they do not like to give up, and the disease is 
probably disseminated widely enough so that it is about as 
likely to occur in one place as another. 


Rotting of Cabbage. 

The rotting of cabbage in the field, caused by a species of 
bacteria, which has recently been so thoroughly investigated 
by Russell* and Smith,+ appeared this year in a field upon 
the station grounds, and also occurred to our knowledge in 
several other places in the State.’ It is a most destructive 
disease, causing dead spots to appear upon the outer leaves 
of the cabbage, and usually resulting in a complete decay of 
the whole head. Cauliflower is quite susceptible, as also 
cabbages and turnips. A full description of the disease may 
be obtained in the above-cited Farmers’ Bulletin, which can 
be obtained upon application to the Secretary of Agriculture, 
Washington, D. C. No practical remedy is known except 
a rotation of crops. As the disease occurred here on land 
which had never been in cabbages before, even this seems 
rather uncertain. 


Further Considerations in Regard to the Drop in Lettuce. 


We have already referred to this disease in our last annual 
report, and it may not be out of place to briefly call attention 
‘to the progress which has been made towards the control of 
this troublesome fungus. The study of the organism which 
causes the disease has given some suggestive results in re- 
gard to its treatment. The ordinary ‘‘ damping fungus” 
(Botrytis), has been generally regarded as the source of the 
trouble, and we have so referred to it in our previous report. 
Further observation has shown, however, that, whatever may 


* Bulletin 65, Wisconsin Experiment Station. 
+ Farmers’ Bulletin 68, United States Department Agriculture. 
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be the relation between the drop fungus and Botrytis, it is 
certain that the disease is not spread by Botrytis spores in 
the air, but by a mycelium or mould-like growth in the soil 
itself. 

Our control experiments have so far been along three dif- 
ferent lines; namely, those in which chemical substances 
were used on the soil, the application of various gases to 
the greenhouse, and the effect of different layers of sand and 
sterilized earth. The results obtained by the use of chemical 
substances have been entirely negative, and the use of gases 
does not at the present time give great encouragement. In 
our last report we called attention to the use of sterilized 
soil as a possible control method, and during the past winter 
and also at the present time this method has been in use. 
Our experiments have shown that the heating method is the 
only absolute one, although some gain has been made by the 
use of three-fourths of an inch of sand upon the beds. The 
sand which was sterilized showed better results than the un- 
sterilized. In both instances, however, cleaner and better 
plants have been obtained by the use of three-fourths or one- 
half of an inch placed upon the surface of the soil. Ex- 
periments in which three or four inches of the top soil was 
sterilized gave absolute results in the control of the drop, and 
those in which two inches of the infected top soil was steril- 
ized have not as yet shown any evidences of the drop. Where 
one inch of sterilized soil was used and carefully distributed, 
the loss from the drop has been about four per cent., while 
in the adjacent beds which were not sterilized the loss was 
about fifty per cent. These experiments have been carried 
out in another badly infested house, managed by an experi- 
enced lettuce grower, on a much larger scale, with quite sim- 
ilar results. 

While this method gives promise of being a practical one, 
we are not quite certain as yet whether it is the cheapest one 
which can be utilized, and other control methods are being ex- 
perimented with. Some growers clean their houses out every 
year, and put in fresh subsoil mixed with horse manure ; 
but such a method is expensive, probably more so than the 
_ heating of an inch or two of the top soil previous to planting 
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the crop. Ifone is provided with a good steam boiler, as 
most lettuce growers are, probably two hundred cubic feet 
of soil could be heated sufficiently in one or two hours’ time. 
This amount of earth will cover twenty-four hundred square 
feet of soil one inch deep, or a bed twenty-four feet wide by 
one hundred feet long. Of course this heating will have to 
be done with every crop, as the stirring of the soil subse- 
quent to planting would redistribute the fungus. As a neces- 
sary precaution against the drop, it would also be necessary 
to have all the soil sterilized in which the prickers are 
started, and also that which contains the first transplanting. 
By this means alone much lessening of the drop could be ac- 
complished; but in conjunction with sterilized layers one 
inch thick in the house, it would in most cases reduce the 
infection still further. The amount of earth that is employed 
in the seed bed and also that in which the first transplanting 
is done is not so large but that it could be entirely sterilized. 
When this is once accomplished, it would be sufficient for 
some time to come, provided precautions were taken against 
outside contamination. The benefits gained from the use of 
sterilized soil are in themselves, regardless of the drop, suffi- 
cient to pay for the process, according to some who have 
used it, inasmuch as the lettuce plant shows a better color 
and makes a quicker and larger growth. 


The Chrysanthemum Rust. 


This comparatively new disease has been not uncommon 
in the State during the past season; but it is encouraging to 
note that its attacks seem in most cases where it has occurred 
to have had but little appreciable effect, and the indications 
now are that this disease is one which may be fully con- 
trolled by proper methods of cultivation and management. 
We noticed especially a case where a lot of plants were 
brought in in August to set out in the open bed for fall 
blooming. Fifteen plants were left over, and remained 
standing on a greenhouse bench in pots. Later in the season 
this bench was filled up with other potted plants which had 
remained out of doors. Though all were of the same lot, 
the fifteen became badly rusted, while none of the others or 
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those set out in open beds showed any signs of the disease. 
It seemed pretty evident, therefore, that the high August 
temperature of the house had a bad effect upon the plants 
confined in pots, causing them to be more susceptible to the 
disease. Some of the plants which were still out of doors 
in a cold frame also became rusted, but these were crowded 
together so that all the lower leaves had fallen off, and were 
plainly in poor condition. Of the many plants which were 
set out in open beds in August or placed on benches with 
space between them in September, not one showed any 
noticeable rusting. 

It remains to be said that the rusted plants, though badly 
affected, produced blossoms as good, apparently, both in 
quality and quantity, as similar healthy plants, and, further- 
more, did not spread the disease to other plants, though kept 
in close proximity to them. Judging, therefore, from this 
year’s experience, it seems probable that the skilful gardener 
has no great cause for apprehension in this disease. 


A New Pansy Disease. 


During the past summer our attention was called to a field 
of pansies .at the establishment of a local seed grower, in 
which the plants were badly affected by a disease of the 
leaves and blossoms. Upon the affected leaves first appeared 
small dead spots, each surrounded by a definite black border. 
These spots soon increased in size, and in the later stages 
of the disease the affected leaves had an appearance very 
similar to that of the violet leaf spot (Cercospora Viole, 
Sace.). Many plants were killed outright by the disease, 
and all affected ones were in very poor condition. Besides 
the spotting of the leaves, many of the blossoms also were 
affected, the petals being disfigured by dead spots and 
blotches upon them, while some of the flowers were mal- 
formed or only partly developed. The latter was indeed one 
of the most serious features of the trouble, as the plants 
were raised for seed, and the yield was greatly reduced by 
this failure of the blossoms to develop properly. 

It was thought at first, from the general resemblance of 
the leaf spots and close relationship of the two plants, that 
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this might be identical with the violet disease. This, how- 
ever, did not prove to be the case. Examination showed 
that the cause of the trouble was a fungus, but one of quite 
a different nature from Cercospora, and belonging to the 
genus Colletotrichum, being apparently a new and unde- 
scribed species. This form has therefore been described in 
the ‘‘ Botanical Gazette” of March, 1899, under the name 
Colletotrichum Viole —tricoloris. 

This same disease has been seen in a few other localities 
in the State, and Prof. B. D. Halsted has also very kindly 
sent us specimens of it from New Jersey, so that the trouble 
is doubtless widespread. Its occurrence, however, seems to 
have been comparatively slight, except in the one instance 
described above. In this case the number of plants was 
very large, and pansies had been grown upon the same field 
for several years, which may account for the severe outbreak 
of the disease. 

A portion of this field was sprayed twice with strong 
Bordeaux mixture; but, as it was already late in the season, 
and heavy rains prevailed at the time, little success from the 
treatment was looked for. The owner, however, thought 
that a beneficial result appeared from the treatment, and 
from our own observation we can claim at least that later in 
the season the sprayed portion of the field was certainly in 
the best condition of any. If this did indeed result from 
the spraying under such adverse conditions, it seems likely 
that the disease could be kept well in check by proper treat- 
ment. 


PuysioLoGicaL DISORDERS. 
Seasonal Peculiarities of Certain Shade Trees. 


Some complaints have been made in regard to the falling 
of leaves on the elm, maple and apple trees. This was 
especially noticeable on the elm in various sections. We 
had many specimens sent in for examination, and our at- 
tention was called to a number of trees in which certain 
branches had only half-developed leaves on them. These 
leaves. would linger along a while in this condition, when 
they would gradually turn yellow and drop to the ground. 
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Examination made of a great many leaves and branches re- 
vealed no fungous or insect pest preying upon them. The 
condition of the apple trees was similar, although not so 
prevalent; and in the maple the cast-off leaves were mature 
ones. The exact cause of this trouble is not obvious, but 
there can be little doubt that it was a functional disorder. 
We have observed fine specimens of elm trees, which, after 
a period of excessive seasons, would suddenly lose all their 
leaves in midsummer, yet a year or two later would appear 
as vigorous as ever. Inasmuch as the trees are not materi- 
ally injured by the falling of a few leaves in midsummer, 
remedial measures are not necessary. 


Over-feeding of Plants. 


The over-feeding of plants is not an uncommon occur- 
rence at the present time, when so much concentrated fertil- 
izer is used, and where attention 1s not given to the proper 
amounts that should be employed. This trouble not only 
occurs among florists, etc., but among those who cultivate 
house plants as well; and the cause of the trouble is usually 
traceable to the fact that most people are not aware of the 
strength of the constituents serving as plant food. The 
normal strength of chemically pure solutions, available for 
plants, is about one to one thousand or one to two thousand 
parts, and when these solutions are put on at the rate of one 
to one hundred or so, ill results must be expected to follow 
their use.” 

We now and then have specimens of abnormal plants sent 
in to us which are merely suffering from some such treat- 
ment. A potted specimen of a Johnsonian lily, which had 
a number of reddish eruptions or blisters upon its leaves, 
was sent in for examination. These reddish blisters were 
examined under the microscope, and they showed no evi- 
dence of fungi or insects being present. The cells, however, 
in the vicinity of the blisters showed that they had been 
stimulated exceedingly, which manifested itself in exces- 
sive cell division, giving rise to the blisters; and where this 
action had taken place excessively the tissues were ruptured, 
thus producing a ragged, wounded appearance. This trouble 
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could be readily referred to some abnormal features in con- 
nection with nutrition, and an inquiry showed that the plants 
had been heavily fertilized with Chili saltpetre. The same 
treatment was applied by us to a perfectly healthy John- 
sonian lily, with the result that the same activity was shown 
in the division of the leaf cells, which subsequently gave rise 
to blisters or ragged eruptions identical with those described. 

A number of potted specimens of cyclamens grown by a 
florist were also brought to our notice last winter, which 
showed somewhat similiar peculiarities in the leaf. These 
leaves were blistered, although in quite a different manner 
from the Johnsonian lily mentioned above. There were no 
ragged or lacerated eruptions or pustules on the cyclamens, 
and the manner of blistering was quite different, although 
it was evidently caused by over-feeding, or at least by inju- 
dicious feeding, as it was found that the plants had been 
heavily treated with nitrate of soda. 

A singular case of over-fertilizing or perhaps over-water- 
ing was seen in some specimens of carnations sent in to us 
by agrower. We subsequently visited the greenhouse where 
they were found, and had an opportunity of seeing these 
abnormal plants in the benches, beside other plants of the 
same variety that were not affected. About fifty plants in 
this house showed this trouble, and it was confined to the 
most robust specimens of the variety known as the Edith 
Foster, and in some instances to the Mrs. Fisher. The 
characteristics of these diseased plants were whitish stems 
and foliage, which were enlarged to about twice the size of 
normal ones growing next to them. Repeated examinations - 
of the tissues of the affected plants seem to show that there 
was nothing the matter with them except what might be 
expected from improper nutritive conditions, such as might 
be brought about by too much fertilizer or excessive water- 
ing, which caused the plants to be stimulated abnormally in 
their growth. In the spring the plants were removed from 
the greenhouse into fresh garden soil, but they failed to 
recover. The same variety of carnations has already shown 
similar symptomis this season. 

Injudicious use of fertilizers is not an uncommon matter, 
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and more care should be exercised in their application. 
Most fertilizer companies give explicit directions as to the 
amounts which should be employed, and the excessive use 
of them is generally traced to the carelessness of the 
gardener in applying them. The results of over-feeding 
generally manifest themselves in some abnormal stimulation 
to the plant; but these results, even when the same fertil- 
izer is used, do not show themselves in a similar manner on 
different species of plants. What would give rise to a 
multiplication of cells and the formation of blisters in the 
leaf of one plant, would not do it in the leaf of another. In 
short, stimuli in plants manifest themselves specifically and 
manifoldly. 


The Bronzing of Rose Leaves. 


A. peculiar bronzing or irregular spotting of rose leaves was 
brought to our attention last winter by Mr. Alexander 
Montgomery, Jr., a member of the senior class. This 
peculiarity in the spotting or bronzing of the leaf is common 
to grafted varieties of the Tea, Bride and Bridesmaid roses, 
grown at the extensive Waban conservatories at Natick; 
and Mr. Montgomery, who was working in the botanical 
laboratory at that time, made, at my request, some investiga- 
tions into the cause of the trouble. Both Mr. Montgomery 
and his father, who is in charge of the Waban conservatories, 
have had ample opportunity to observe bronzing; and it 
therefore became a very easy matter to secure valuable data. 
The only mention which we have noticed in connection with 
this disease is that given by Professor Halsted of New 
Jersey, who briefly referred to it in his annual report of 
1894.* In this report he gives a figure of the black spot of 
the rose, and in connection with it is shown what he desig- 
nates a ‘discoloration that is most frequently met with on 
the foliage of the La France, and may be called bronzing.” 
This he states, so far as he knows, is ‘‘not due to any 
fungus, and is likely due to a structural weakness.” This 
reference to the disease by Professor Halsted was not ob- 
served until Mr. Montgomery had finished his investiga- 


* New Jersey Experiment Station Report, 1894, p. 384. 
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tions; and, in order to ascertain whether the trouble with 
which we were concerned was the same which he had briefly 
alluded to, we forwarded him specimens for examination, 
which resulted in establishing the identity of the two. 
There is a certain resemblance between the spots which give 
rise to bronzing and those which are caused by the black 
_ spot; and we found that the impression prevailed among 
some rose growers that bronzing was simply an immature 
stage of the black spot. To any one thoroughly familiar 
with the characteristics of both diseases, the differences be- 
tween them would be evident, and they would not be likely 
to confound one with the other. 

The investigations of Mr. Montgomery showed that the 
abnormal condition of the rose leaves subject to bronzing 
was not in any way connected with fungi, but is of a physio- 
logical nature, or structural weakness, as Professor Halsted 
had correctly surmised. The first symptoms are manifested 
in a mottled, bronzing coloration of the leaf. These spots 
subsequently become more prominent, ranging from one- 
sixteenth of an inch to one inch in size; the infected por- 
tions of the leaf frequently turn yellow, and eventually the 
leaflets and leaf stalk drop to the ground. Sometimes, how- 
ever, a whole leaflet becomes bronzed, and the yellowish 
color is not observed. Numerous microscopic cross-sections 
made of the bronzed leaf spots showed that the epidermal 
and adjacent cells were in an abnormal condition. The 
living contents of the cells were disintegrated, the proto- 
plasm and cell walls had turned a reddish-brown color, and 
numerous very minute bodies about the size of micrococci 
filled the affected cells. These minute bodies proved upon 
examination to be crystals of calcium oxalate. The exces- 
sive deposits of calcium oxalate indicate that the leaf cells, 
being unable to obtain sufficient nourishment, were not able 
to assimilate the calcium salts, and consequently it is de- 
posited in the cells in the form of calcium oxalate. It may 
be said that all of this phenomenon is nothing extraordinary, 
but merely concomitant with the death of the leaf, and can 
be observed in other species of plants. Mr. Montgomery 
states that the bronzed leaves are more susceptible to disease, 


238 HATCH EXPERIMENT STATION. (Jan. 


and he has observed the occurrence of rust upon them, while 
healthy leaves would be entirely free. 

A further examination of the affected plants at the Waban 
conservatories, made by Mr. Montgomery and myself, showed 
that all leaves even of plants subject to it were not affected, 
but that it was confined in every instance to two places: 
first, where a stem is cut and a new branch starts, the leaf 
at the base of the branch begins to bronze; second, when 
an eye or axillary bud is rubbed off, the leaf generally 
becomes bronzed. : 

There is a difference in susceptibility between young plants 
and old ones. Roses planted in the middle of June show 
bronzing the first of August, but it is scarcely noticed after 
the first year’s growth. Bronzing appears to occur more 
largely upon plants which show rapid growth than on those 
which have grown more slowly; for this reason apparently 
the root plants or ungrafted ones at the Waban conserva- 
tories which are not so vigorous as the grafted ones are not 
susceptible to it. Bronzing sometimes occurs upon small, 
weak stock. 

It should be stated, however, that, since bronzing occurs 
on leaves at the axils of the shoots which bear the flowers, 
no real harm is done to the marketable foliage, as the cut- 
ting of the flower stalk is always above the position of the 
leaves which are bronzed. The most intelligent and suc- 
cessful rose growers always take the most care and pride in 
their plants, and they are suspicious of any abnormal feature 
which in any way mars the beauty of them; and this is, so 
far as we have observed, the only inconvenience which this 
trouble of bronzing gives rise to. 

It is quite evident that we have in the bronzing of rose 
leaves a physiological phenomenon which is not uncommon 
to other plants. We have observed a similar falling of the 
axillary leaves in other species of plants. In the rose it is 
probably a correlative phenomenon, which is brought about, 
or at least augmented, by years of cultivation and develop- 
ment along certain lines. Any form of mutilation, whether 
it be a cut or a mere scratch, acts as a stimulus to a plant; 
but the manner of reaction of the plant may not always be 
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the same either in kind or degree. Asa rule, the cutting 
of primary organs, such as a shoot, will give rise, among 
other things, to increased activities in the secondary organs, 
such as a side shoot or side root; and conversely the cutting 
of a secondary organ or branch will stimulate the primary 
organ or main shoot. Then, again, the effects of stimuli 
caused by cutting are more marked near the source of in- 
jury, and less marked the further away an organ is from it. 
For example, the cutting of the main axis near an eye or 
bud would give rise to increased activities in the axillary 
bud, which would manifest itself in the development of a 
new shoot. ‘The nearer the cut to the eye or bud, the more 
marked will be the stimulation, or resultant activities, and 
the more completely will it assume the characteristics of the 
primary shoot. The better condition the plants are in, and 
the more suitable and available plant food with which they 
are supplied, the more rapid will be the growth of the shoot, 
and the more marked will be the correlative effects. Such, 
in fact, are some of the laws governing correlation in plants. 

In the case of the bronzing and subsequent death of the 
axillary rose leaves, the stimulative effect of cutting causes 
a marked growth of the shoot, and the nutritive substances 
are thereby utilized by this organ to such an extent that 
some other portion of the plant is made to suffer. In this 
instance it is the axillary leaf which finally becomes bronzed, 
turns more or less yellow and dies. In other words, bronz- 
ing is nothing more or less than a physiological disorder, 
and falls under the domain of plant irritability. 


Cucumber Wilt. 


The growing of cucumbers under glass is carried on ex- 
tensively in some places in this State, and a disease known 
as the wilt has been reported to the station a number of 
different times. Complaints in regard to this disease have 
always come from certain localities where it has, as a rule, 
been quite universal among the different growers. The 
symptoms of the disease are a wilting of the plant, or, more 
strictly speaking, of the foliage, whenever it is subjected to 
the intense rays of the sun. 
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We visited several cucumber houses this last spring in 
which the plants were subject to wilt, and observed a num- 
ber of houses which contained badly affected plants. In those 
houses running north and south, the vines in the morning 
on the east side, which are subject to the sun’s rays, would 
be entirely wilted; while those on the west side, and away 
from the sun’s rays, were not in the least affected. In the 
afternoon, when the sun had reached the west side of the 
house, the vines would then become badly wilted, and those 
on the east side, when no longer exposed to the direct rays 
of the sun, would commence slowly to recover. The cause 
of the wilt in every instance was not difficult to understand ; 
but, as a necessary precaution against drawing deductions 
too hastily, we examined every portion of a number of plants 
very carefully, to convince ourselves that there was no other 
cause than that which we had in mind. It is well known 
that there is a bacterial disease of cucumbers that gives 
rise to a wilting of the leaves, but careful examination of 
the tissues shows nothing in the nature of bacteria to be 
present. 

At about the same time we visited several other cucumber 
growers in other sections of the State, and had an oppor- 
tunity of examining many vines in about the same stage of 
development. In some instances the identical varieties of 
cucumbers were grown, but in the majority of cases another 
variety was used, namely, the White Spine, and in all cases 
the methods of cultivation were radically different, and the 
wilting of the vines was something unknown to them. Long 
before we visited the region of wilt a number of letters of 
inquiry had shown us that the disease in question was local, 
and the majority of growers had never had trouble with it. 

The cause is not due to any organism, whether insect or 
fungous, but to extremely abnormal conditions of the plants, 
brought about by irrational methods of cultivation that give 
rise to defective transpiration, or, in other words, to the 
giving off of water from the leaves. The activity of tran- 
spiration is affected by various causes. Itis well known that 
the stomata or breathing pores of the leaf are open during 
sunshine and closed during darkness, and that the greatest 
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activity in transpiration takes place during sunshine. This 
fact is frequently demonstrated by young cucumber plants 
in tolerably good conditions of health, which not infrequently 
show some indications of wilt in sunshine, though not enough 
to cause any amount of harm. This is especially so when 
they are forced too rapidly, and when the texture of the leaf 
is not sufficiently developed. The temperature of the air 
affects transpiration. A plant in an atmosphere saturated 
with moisture will not exhale any watery vapor, provided 
that the temperature of the plant is not higher than that of 
the air; but when the temperature of the air is high, and 
the proportion of moisture small, transpiration is promoted. 
Transpiration is further affected by the temperature of the 
soil in which the roots are embedded. When the roots are 
warmed, transpiration becomes more active, and conse- 
quently there exists more root absorptive activity. The 
nature of liquids which the roots absorb and the kind of soil 
in which they grow also affect transpiration. Plants tran- 
spire more when grown in sandy soil than when grown in 
clay soil; also when grown in acid soil than when grown in 
alkaline soil. One per cent. solutions of potassium nitrate 
and other salts diminish transpiration, and we have been 
able to produce severe cases of the wilt by watering pots of 
cucumber plants with a one per cent. solution of potassium 
nitrate. 

The wilt, however, in the houses mentioned before was 
not due to temperature or constituents of the soil, but was 
brought about, as we have already inferred, by irrational 
methods of treatment of the plants, and depends upon 
other causes. In all probability, the cause of the wilt may 
be attributed partially to the characteristic peculiarities of 
the varieties of cucumbers grown, as most of the varieties 
are Telegraph or Giant Pera. In many cases hybrid forms 
are obtained by crossing these with the White Spine. These 
varieties present a different appearance from the White 
Spine; their stem and leaves appear to be small, and the 
plants do not appear normally as green and rugged as the 
White Spine. 


The methods of growing cucumbers where the wilt occurs 
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are radically wrong in many ways. The houses are imper- 
fectly supplied with ventilation, consequently little use can 
be made of this necessary feature. Then, again, they are 
supplied either wholly or partially with two layers of glass, 
which are set about two inches apart, thus leaving an air 
space in between for the purpose of keeping out the cold, 
but which in reality becomes filled up with dirt, and is an 
excellent aid in shutting out the light. Plants started in 
such a house in winter continually suffer from lack of light, 
— a feature which we have often observed in the greenhouses 
in this State. Their leaves become pale, and they are at- 
tached to the stalk by means of elongated petioles, and pre- 
sent all the phenomena of partial etiolation, or, in other 
words, they resemble plants grown in the dark. If we add 
to such plants an enormously high temperature, without any 
proper ventilation to make them stocky and rugged, then 
we have a crop that is so tender and abnormally matured 
that it is incapable of standing strong sunlight. If such a 
crop is carried over until spring, and subjected to the intense 
rays of the sun occurring in that season of the year, the ten- 
der, etiolated, sickly colored leaves commence to wilt even 
with the house closed and a considerable degree of moisture. 

We observed as many as a dozen houses last spring af- 
fected in this way, and not in a single one did we see more 
than a dozen or so of what might be termed fairly good- 
colored and healthy plants. Whenever we observed a plant 
which possessed any color or texture in its leaves, we found 
plants which showed no indication of the wilt. We exam- 
ined at the same time in another locality a crop of a similar 
variety of cucumbers grown in a house provided with a 
single layer of glass, which had also received sufficient venti- 
lation, and the plants were in an exceedingly vigorous con- 
dition. 

These facts show what it is always necessary to bear in 
mind, that some varieties of plants can be grown by differ- 
ent growers with entirely different results, and that it 1s 
essential to pay the greatest attention to conditions which 
are normal to the plants. 

While the cause of the cucumber wilt is due, as we have 
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already pointed out, to irrational methods of greenhouse 
management, the specific cause can be traced directly to the 
lack of texture in the plants, brought about by too high a 
temperature and lack of light in the beginning, which does 
not enable them to stand up under the powerful rays of the 
spring sun, as the amount of water thrown off from their 
tender leaves is more than can be supplied by their roots. 
This irrational method seems to have its origin in a desire 
to save coal, and starve the plant by utilizing double layers 
of glass, and to indulge in too much forcing; or, in other 
words, to get more out of the plant in a certain length of 
time than its inherent capacity warrants. In these methods 
of culture, affecting, as they do, a single locality, we see 
nothing but practice based upon a disregard of the normal 
functions of the plant, and mistakes due to local conception 
of greenhouse management. ‘The remedy in such a case is 
obvious, and consists in giving the plants during their young 
stage of growth plenty of light and air, and not allowing 
them to grow too rapidly. Cucumber plants grown in this 
manner will possess color and texture, and they will be capa- 
ble of standing the spring rays of the sun without wilting. 


Some Difficulties which City Shade Trees have to contend 
with. 

For some years back our larger cities have had park com- 
missions, whose duty consists, among other things, in seeing 
to the setting out and caring for shade trees. Many of these 
cities, having seen the necessity of a more general oversight 
in regard to the care of trees, have gone a step further, and 
have secured the services of a trained forester, whose busi- 
ness it is to pay special attention to their welfare. 

This department frequently has specimens of diseased 
leaves and branches, especially of trees, sent to it for the 
purpose of determining what is the matter with them. 
Sometimes these specimens are from trees in which a single 
branch has lost its leaves in mid-summer, or they may be 
specimens from a tree which has died suddenly. An exami- 
nation of the specimens frequently shows that there is no 
reason for believing that their abnormal condition is caused 
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by either insect or fungi, although at times there may be 
observed a few aphids on them, which it is generally sup- 
posed are the cause of the trouble. The causes of these 
troubles, however, are in many instances to be traced to 
conditions which are peculiar to our times. In this age of 
electric lights, trolley cars, sewers, pavements, gas, and 
transmission of steam for heating purposes, it must be 
confessed that the practice of setting out shade trees along 
the borders of streets in our cities becomes rather discour- 
aging. The price of enjoying these modern appliances of 
scientific thought means more than the mere cost of digging 
up our city streets and lopping off the limbs of trees every 
few months; in many instances it means the death of many 
shade trees, and it may eventually lead to the question 
whether it is worth while to bother at all with trees for our 
city streets. The sickly, disfigured, mutilated specimens 
of trees which are now and then seen in our busy city streets 
have very little to recommend them, and in many cases 
thoroughfares would become improved without them. 

Some of the agencies which more especially affect our 
trees are electricity, gas and steam. These may affect the 
tree directly, by escaping and coming in contact with some 
portion of it, or indirectly as by the lopping of limbs for 
wires or the digging of trenches for the pipes, which very 
frequently results in destroying portions of the root system. — 
There are other agencies, however, which are associated with 
the death of the tree. One of these is the borer that is very 
troublesome to the rock maple. Trees affected with these 
can be readily detected by an examination of the bark of the 
tree for round holes about one-quarter of an inch in diameter, 
and in autumn the affected limbs can be readily detected by 
a premature coloration, or hectic flush, as it were, of the 
leaves. Then, again, there is the work of horses’ teeth, 
which, according to Mr. James Draper, who has had many 
years’ experience as a park commissioner at Worcester, in- 
flicts more damage than any other single thing to city trees. 
Many of the specimens of diseased shade trees which are 
sent in to us year after year can be referred to one of the 
above agencies as a cause of the trouble. 
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The death of many trees can be referred to illuminating 
gas. If a leak occurs in the pipe, the gas escapes very 
readily into the soil, especially if it is porous, and when it 
comes in contact with the roots they are asphyxiated, and 
the result to the tree manifests itself very quickly. The 
symptoms of gas poisoning are most generally a sudden 
falling of the leaves, a deadened appearance of the bark, 
due to the collapse of the cambium or living layer, brought 
about by the asphyxiation of the roots, which results in the 
rapid death of the tree. In mild instances of poisoning the 
effect shows only upon one side of the tree, but in general 
the tree seldom escapes death. We have observed many 
single trees killed by gas on the private grounds of city 
residences, without the owner ever surmising what the 
trouble was; and this last summer we had an opportunity 
to examine whole rows of native trees which had died by gas 
asphyxiation. Some of the trees which we observed were at 
a distance of fifty feet from the nearest gas main, while others 
succumbed when not nearer than one hundred feet to the 
leak in the pipes. While it is advantageous to all gas com- 
panies to stop these leaks as soon as they are found, it be- 
comes practically impossible to do so in every instance, and 
the death of trees from this source must constantly be ex- 
pected. As a matter of fact, the death of some fine shade 
tree is not infrequently the first indication the gas company 
has of a leak in its main. 

Abnormal respiratory conditions, which usually result in 
either a sudden or lingering death to trees, occur where they 
have become submerged in water, or where they have been 
covered with a foot or more of soil. We have noticed trees 
growing beside sloping roadsides which had become filled in 
with earth only on one side of the tree, resulting in that side 
of the tree becoming dead, while the other side would linger 
along in an unhealthy condition for years. 

Less often does the death of trees result from steam, as 
the transmission of this is not so common. Occasionally, 
however, where steam pipes are laid near trees, they are 
sometimes injured. 

The various forms of concrete and pavements and the large 
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surface of the ground covered by them about the city streets 
are a menace to the health of trees, and the sickly conditions 
which they present are often due to these. Some of our more 
modern city streets obviate this matter by leaving a wide 
space of turf between the sidewalk and road, for the purpose 
of planting trees. This gives the roots a chance to develop 
normally, inasmuch as the respiratory functions are not in- 
terfered with, as is the case when they are covered with 
pavements. Many of the streets in Springfield are especially 
commendable in this direction. 

Not a little of the disfiguration of trees is directly due to 
the linemen in lopping limbs, and more especially to the 
direct effect of electric currents. We have observed no in- 
stance where electricity has killed a tree outright, but there 
are many cases where the limbs have been killed by burning. 
This effect is not only caused by the alternating current of 
the electric lights, but by the direct current of the trolley 
system; the latter current being probably more injurious, 
provided the same amount of amperes and voltage is em- 
ployed. The damage done by grounded wires takes place 
when trees are moist, as at that time the resistance is re- 
duced, and the current becomes increased and has a better 
opportunity to become dispersed. We have known of in- 
stances where trees and the grass for some distance about 
them have been charged with the escaping current. The 
damage to the trees, however, is due to the heating effect 
of electricity. The wire becomes grounded on a limb, and 
when moist the current escapes. At first comparatively 
little current passes through the limb, as the resistance is 
high; but, as the heat increases the resistance decreases, 
with the result that a large amount of current passes through, 
which gives rise to still more heat, and subsequently develops 
into a blaze. The action of electricity, as we have already 
stated, is local in its effects. The injury, while sufficient to 
kill every portion above the limb or trunk, does not, so far 
as our observation goes, destroy the tissues very far above 
the point of grounding. There are reasons for believing, 
however, that the effects of the direct current are more 
severe than those of the alternating current. In the case of 
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the alternating current the anode and cathode alternate very 
quickly, while in the direct current no alternation takes 
place, and this results in an electrolysis of the cells, which 
in turn produces disintegration and quick death to the pro- 
toplasm. In short, we may say that all of the injury to trees 
by electricity is brought about by heating, and by electroly- 
sis and disintegration of the cell contents. Some observa- 
tions made by Professor Hartig of Munich upon the effects 
of lightning on trees are interesting in connection with the 
subject of electricity. He observed that when a tree is 
struck by lightning the current usually travels along the 
cambium zone or living layer of the tree, just under the 
bark, inasmuch as at this point the current finds the least 
resistance. Sometimes the burning effect is more marked 
just inside and outside of the cambium layer, where the re- 
sistance is slightly greater, —a feature which is shown by 
the dead areas in the trees many years after. There are 
many trees struck by lightning which show scarcely any 
injury, and others will show only a small dead area which 
coincides with the path of the current. Professor Hartig 
has made many observations upon trees struck by lightning, 
and his practised eye is able to detect trees that have been 
so affected which to the ordinary observer would appear 
perfectly sound. 
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